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Advanced Micro Devices reserves the right to make changes in its products 
without notice in order to improve design or performance characteristics. 


This publication neither states nor implies any warranty of any kind, including but not limited to implied warrants of merchan- 
tability or fitness for a particular application. AMD assumes no responsibility for the use of any circuitry other than the circuitry 
in an AMD product. 


The information in this publication is believed to be accurate in all respects at the time of publication, but is subject to change 
without notice. AMD assumes no responsibility for any errors or omissions, and disclaims responsibility for any consequences 
resulting from the use of the information included herein. Additionally, AMD assumes no responsibility for the functioning of 
undescribed features or parameters. 


Trademarks 


Embedded Erase™, Embedded Program™, ExpressROM™, Flasherase™ and Flashrite™ are trademarks of 
Advanced Micro Devices, Inc. 


Advanced Micro Devices continues to focus on memory product development. Over the past few 
years our entire product line has been converted to the industry’s most advanced CMOS process. 
Our technology leadership is evidenced by the world’s fastest EPROMs in every density as well 
as the industry’s smallest die sizes. 


Our EPROM product portfolio is the broadest available. CMOS EPROMs in production today span 
all densities from 64K through 4 Megabits with 8 Megabit parts on the way. A choice of speeds 
ranging from 35 ns to 250 ns allows you to maximize the performance of systems based on to- 
days highest speed processors. We also offer several application specific memories; a 1 Megabit 
burst mode EPROM, an ultra low power 512K EPROM, a Content Addressable Memory (CAM) 
and a full line of First-in First-out memories (FIFOs). 


The progression of technology now allows us to offer Flash memories for cost effective solutions 
that require in-system reprogrammability. Densities from 256K through 2 Megabit are now in pro- 
duction. They are 100% compatible with today’s 12 V Flash standard. 


AMD has become the non-volatile memory leader. We hope to be your supplier of choice. 
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Non-Volatile Memory Products Selector Guide 


Non-Volatile Memory 
Products 


UV EPROMs 
OTP EPROMs 


Introduction 


The Non-Volatile Memory Division manufactures a broad range 
of high performance memory products. These products include 
traditional windowed EPROMs, plastic OTP EPROMs, Express- 
ROM devices, and Flash Memories. They offer the system 
designer an extensive choice of economical alternatives for 
program storage. 


NVD's EPROM offerings are manufactured with a state-of-the- 
art CMOS process yielding access times as fast as 35 ns. 
Products in production range from 64K to 4 megabits. Also 
available are low-power and high-speed burst devices. 
EPROMs are available in both windowed-ceramic and One- 
Time-Programmable (OTP) plastic packages. 


ExpressROM 
Devices 


Flash Memories 


A new concept from AMD is the ExpressROM device. These 
are quick-turn ROMs produced from EPROM wafers. Lead 
times of these devices are typically half that of ROMs. 


Flash memories will be the designer’s choice for reprogram- 
mable non-volatile memory in the 90's. AMD has introduced 
Flash devices with densities ranging from 256K to 2 megabits. 


AMD is committed to leadership in high-performance CMOS 
non-volatile memories. These products offer industry-leading 


speeds and densities that will contribute to the competitive 
advantages of your design. 
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UV EPROMs 


OTP EPROMs 


Am27C64 Am27C128 Am27C256 Am27C512 
Am27H256 Am27C512L 
1024K 2048K 4096K 8192K 
Am27C010 Am27C020 Am27C040 Am27C080* 
Am27C100 Am27C2048 Am27C400* Am27C800* 
Am27C 1024 Am27C4096* 
Am27H010 
Am27HB010 


UV EPROMs & OTP EPROMs 


Pin 
Part Access Temp Package Count Supply 
Number Organization Time (ns) Range’ Type? (DIP/PLCC) Voltage 


Am27C64-55 5V+ 5% 
Am27C64-75 5V+t 5% 
Am27C64-70 5V+10% 
Am27C64-95° 5V+ 5% 
Am27C64-90 5V+ 10% 
Am27C64-125° 5V+ 5% 
Am27C64-120 5V+10% 
Am27C64-155° 5V+ 5% 
Am27C64-150 5 V+ 10% 
Am27C64-205° 5V+t 5% 
Am27C64-200 5 V+ 10% 
Am27C64-255 5V+ 5% 
Am27C64-250° 5V+10% 
Am27C64-305° 5V+ 5% 
Am27C64-300° 5V+ 10% 
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Am27C 128-55 
Am27C128-75 
Am27C128-70 
Am27C128-95° 
Am27C128-90 
Am27C128-125° 
Am27C128-120 
Am27C128-155° 
Am27C128-150 
Am27C128-205° 
Am27C128-200 
Am27C 128-255 
Am27C128-250° 
Am27C128-305° 
Am27C128-300° 


5V+ 5% 
5V+ 5% 
5 V+ 10% 
5V+ 5% 
5V+ 10% 
5V+t 5% 
5V+10% 
5V+ 5% 
5V+10% 
5V+ 5% 
5V+10% 
5V+ 5% 
5V+10% 
5V+ 5% 
5 V+ 10% 
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* Contact the local AMD sales office for the availability of this device. 
Notes: see page 1-10 
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UV EPROMs & OTP EPROMs (Cont.) 


Part Access Temp 
Number Organization Time (ns) Range’ 


Am27H256-35 
Am27H256-35V05 
Am27H256-45 
Am27H256-55 
Am27H256-70 


Am27C256-55 
Am27C256-75 
Am27C256-70 
Am27C256-95° 
Am27C256-90 
Am27C256-105° 
Am27C256-100 
Am27C256-125° 
Am27C256-120 
Am27C256-155° 
Am27C256-150 
Am27C256-175° 
Am27C256-170? 
Am27C256-205° 
Am27C256-200 
Am27C256-255 
Am27C256-250° 
Am27C256-305° 
Am27C256-300° 


Am27C512-75 
Am27C512-95 
Am27C512-90 
Am27C512-125 
Am27C512-120 
Am27C512-155° 
Am27C512-150 
Am27C512-175° 
Am27C512-170° 
Am27C512-205° 
Am27C512-200 
Am27C512-255 
Am27C512-250° 
Am27C512-305° 
Am27C512-300° 


Am27C512L-75 
Am27C512L-95 
Am27C512L-90 
Am27C512L-120 
Am27C512L-125 
Am27C512L-150 
Am27C512L-200 
Am27C512L-250 
Am27C512L-255 


Am27H010-45 
Am27H010-45V05 
Am27H010-55 
Am27H010-70 
Am27H010-90 
Am27H010-90V05 


Am27C010-95* 
Am27C010-904 
Am27C010-105 


* Contact the local AMD sales office for the availability of this device. 


Notes: see page 1-10 
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32K x 8 
32K x 8 
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32K x 8 
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32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
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32K x 8 
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64K x 8 
64K x 8 
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64K x 8 
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64K x 8 


64K x 8 
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64K x 8 
64K x 8 
64K x 8 
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Pin 
Count 
(DIP/PLCC) 


5 V+ 10% 
5V+ 5% 
5V+10% 
5 V+ 10% 
5V+10% 


5V+ 5% 
5V+ 5% 
5 V+ 10% 
5V+ 5% 
5 V+ 10% 
5V+ 5% 
5V+10% 
5V+ 5% 
5V+10% 
5V+ 5% 
5V+10% 
5V+ 5% 
5 V+ 10% 
5V+ 5% 
5 V+ 10% 
5V+ 5% 
5 V+ 10% 
5V+ 5% 
5V+10% 


5Vt 5% 
5V+ 5% 
5 V+ 10% 
5V+ 5% 
5 V+ 10% 
5V+ 5% 
5 V+ 10% 
5V+ 5% 
5V+10% 
5V+ 5% 
5V+10% 
5V+ 5% 
5 V+ 10% 
5V+t 5% 
5V+10% 


5V+t 5% 
5V+ 5% 
5 V+ 10% 
5 V+10% 
5V+ 5% 
5 V+ 10% 
5 V+ 10% 
5 V+ 10% 
5V+ 5% 


5V+10% 
5V+ 5% 
5V+10% 
5V+10% 
5V+10% 
5V+ 5% 


5V+ 5% 
5V+ 10% 
5V+ 5% 
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UV EPROMs & OTP EPROMs (Cont.) 


Pin 
Part Access Package Count 
Number Organization Time (ns) Type? (DIP/PLCC) 

Am27C010-125 128K x 8 120 C, | D,L 32/32 5V+t 5% 
Am27C010-120 128K x 8 120 C, | D,L 32/32 5V+10% 
Am27C010-155° 128K x 8 150 C, | D,L 32/32 5V+ 5% 
Am27C010-150 128K x 8 150 C,1,E,M D,L 32/32 5 V+ 10% 
Am27C010-175* 128K x 8 170 C, | D,L, P,J 32/32 5V+ 5% 
Am27C010-170* 128K x 8 170 C,1,E,M D,L,P,J 32/32 5 V+ 10% 
Am27C010-205° 128K x 8 200 C, | D,L, P, J 32/32 5Vt 5% 
Am27C010-200 128K x 8 200 C,1,E,M D,L, P, J 32/32 5 V+ 10% 
Am27C010-255 128K x 8 250 C, | D,L, P,J 32/32 5V+t 5% 
Am27C010-250° 128K x 8 250 C,1,E,M 0, t,P. J 32/32 5 V+ 10% 
Am27C010-305* 128K x 8 300 C, | D,L, P, J 32/32 5V+t 5% 
Am27C010-300° 128K x 8 300 C,1,E,M 0.4, Pa 32/32 5 V+ 10% 
Am27HB010-50V05 128K x 8 50 C, 1 D,L 32/32 5Vt 5% 
Am27HB010-50 128K x 8 50 C, | D,L 32/32 5V+10% 
Am27HB010-60V05 128K x 8 60 Cc P,J 32/32 5V+ 5% 
Am27HB010-60 128K x 8 60 C,1,E,M D,L,P,J 32/32 5 V+ 10% 
Am27HB010-90 128K x 8 90 C,1,E,M D,L, P,J 32/32 5 V+ 10% 
Am27C100-105 128K x 8 100 C D,L 32/32 5V+t 
Am27C100-125 128K x 8 120 C, | D,L 32/32 5V+t 
Am27C100-120 128K x 8 120 C, | D,L 32/32 5V+t 
Am27C100-155° 128K x 8 150 C, | D,L 32/32 5V+t 
Am27C100-150 128K x 8 150 C,1,&,M D,L 32/32 5V+t 
Am27C100-175° 128K x 8 170 C, | D,L, P, J 32/32 5V+t 
Am27C100-170° 128K x 8 170 C,\,E,M D,L, P, J 32/32 5Vt 
Am27C100-205° 128K x 8 200 C, | D,L, P,J 32/32 5Vt 
Am27C100-200 128K x 8 200 C,1,E,M D, L, P, J 32/32 5Vt 
Am27C100-255 128K x 8 250 C, | D, L, P, J 32/32 5V+t 
Am27C100-250° 128K x 8 250 C,1,E,M 0,6, P,d 32/32 5V+t 
Am27C100-305° 128K x 8 300 C,| D.EP.d 32/32 5Vt 
Am27C100-300* 128K x 8 300 C,1,E,M D,L, P, J 32/32 5Vt 
Am27C1024-105 64K x 16 100 C, | D,L 40/44 5V+t 
Am27C1024-125 64K x 16 120 C, | D,L 40/44 5V+ 
Am27C01024-120 64K x 16 120 C,1,E,M D,L 40/44 5 V+ 10% 
Am27C1024-155° 64K x 16 150 C, | D,L 40/44 5V+t 5% 
Am27C1024-150 64K x 16 150 C,1,E,M D,L 40/44 5 V+ 10% 
Am27C1024-175* 64K x 16 170 C, | D,L 40/44 5V+t 5% 
Am27C1024-170° 64K x 16 170 C,1,E,M D,L 40/44 5V+10% 
Am27C1024-205° 64K x 16 200 C,| D,L,P, J 40/44 5V+ 5% 
Am27C1024-200 64K x 16 200 C,1,E,M D,L, P, J 40/44 5 V+ 10% 
Am27C1024-255 64K x 16 250 C, 1 D,L, P, J 40/44 5Vt 5% 
Am27C1024-250° 64K x 16 250 C,1,E,M D,L, P, J 40/44 5 V+ 10% 
Am27C1024-305° 64K x 16 300 C, | D:t,.P J 40/44 5V+t 5% 
Am27C1024-300° 64K x 16 300 C,1,E,M D,L, P, J 40/44 5 V+ 10% 
Am27C020-105 256K x 8 100 Cc D,L 32/32 5V+ 5% 
Am27C020-125 256K x 8 120 C, | D,L 32/32 5V+t 5% 
Am27C020-120 256K x 8 120 C, | D,L 32/32 5V+10% 
Am27C020-155° 256K x 8 150 C, | D,L, P, J 32/32 5V+t 5% 
Am27C020-150 256K x 8 150 C,1,E,M D,L,P,J 32/32 5 V+ 10% 
Am27C020-175° 256K x 8 170 C, | D,L, P, J 32/32 5Vt 5% 
Am27C020-170° 256K x 8 170 C,1,E,M D,L,P,J 32/32 5V+10% 
Am27C020-205° 256K x 8 200 C, | D,L, P, J 32/32 5V+t 5% 
Am27C020-200 256K x 8 200 C,1,E,M D,L, P, J 32/32 5 V+ 10% 
Am27C020-255 256K x 8 250 C, | D,L, P, J 32/32 5V+ 5% 
Am27C020-250° 256K x 8 2 ge C,1,E,M D,L, P, J 32/32 5 V+ 10% 
Am27C020-305° 256K x 8 300 C, | D,L, P, J 32/32 5V+t 5% 
Am27C020-300* 256Kx8 300 C,1,E,M D,L, P, J 32/32 5 V+10% 


* Contact the local AMD sales office for the availability of this device. 
Notes: see page 1-10 
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UV EPROMs & OTP EPROMs (Cont.) 


Part Access Temp 
Number Organization Time (ns) Range’ 


Am27C2048-105* 
Am27C2048-125 
Am27C2048-120° 
Am27C2048-155° 
Am27C2048-150 
Am27C2048-1 75° 
Am27C2048-170° 
Am27C2048-205° 
Am27C2048-200 
Am27C2048-255 
Am27C2048-250° 
Am27C2048-305* 


128K x 16 
128K x 16 
128K x 16 
128K x 16 
128K x 16 
128K x 16 
128K x 16 
128K x 16 
128K x 16 
128K x 16 
128K x 16 
128K x 16 


— 


Non-Volatile Memory Products Selector Guide 


Package 
Type? 


- 


Pin 
Count 
(DIP/PLCC) 


5Vt 5% 
5V+ 5% 
5 V+ 10% 
5V+t 5% 
5V+10% 
5V+ 5% 
5V+10% 
5V+ 5% 
5V+10% 
5V+ 5% 
5V+10% 
5Vt 5% 


OQOQMNAAANANANHNYD 


~ 


VVVVVVVUVVYV 
jccaaaaaaca 


Am27C2048-300* 128K x 16 5V+10% 


512K x 8 
512K x 8 
512K x 8 
512K x 8 
512K x 8 
512K x 8 
512K x 8 
512K x 8 
512K x 8 
512K x 8 


Am27C040-95* 
Am27C040-90* 
Am27C040-125° 
Am27C040-120° 
Am27C040-155 
Am27C040-150 
Am27C040-205° 
Am27C040-200 
Am27C040-255 
Am27C040-250° 


5V+ 5% 
5V+10% 
5V+ 5% 
5V+10% 
5V+ 5% 
5V+10% 
5 Vt 5% 
5V+10% 
5V+ 5% 
5V+10% 


mim im 
ee 


00D 
aj.aaa 


RaSh Ry (esa GLO Peak ieee! TaN ay aa Pie ee ee, eke ae ree ee 


NQNAQNN|NNADNO 


512K x 8/256K x 16 
512K x 8/256K x 16 
512K x 8/256K x 16 
512K x 8/256K x 16 
512K x 8/256K x 16 
512K x 8/256K x 16 
512K x 8/256K x 16 
512K x 8/256K x 16 


5V+t 5% 
5V+10% 
5V+ 5% 
5V+ 10% 
5V+ 5% 
5 V+ 10% 
5V+10% 
5V+t 5% 


Am27C400-95* 

Am27C400-90° 

Am27C400-125° 
Am27C400-120° 
Am27C400-155* 
Am27C400-150* 
Am27C400-200° 
Am27C400-255° 


Cc 
Cc 
C 
C 
C, 
C 
C 
Cc 


256K x 16 
256K x 16 
256K x 16 
256K x 16 
256K x 16 
256K x 16 
256K x 16 
256K x 16 
256K x 16 
256K x 16 


Am27C4096-95* 

Am27C4096-90° 

Am27C4096-105* 
Am27C4096-100* 
Am27C4096-125° 
Am27C4096-120* 
Am27C4096-150* 
Am27C4096-200° 
Am27C4096-255* 
Am27C4096-250° 


5V+ 5% 
5V+10% 
5V+t 5% 
5V+10% 
5V+ 5% 
5V+10% 
5V+10% 
5V+10% 
5V+ 5% 
5V+10% 


0-00 
jc GG 


Ne Kekekskekelers, 


oOo = 


5Vt 5% 
5V+10% 
5V+10% 
5V+10% 
5 V+ 10% 
5V+t 5% 


Am27C080-125° 
Am27C080-120° 
Am27C080-150° 
Am27C080-200° 
Am27C080-250° 
Am27C080-255* 


1 Megabit x 8 
1 Megabit x 8 
1 Megabit x 8 
1 Megabit x 8 
1 Megabit x 8 
1 Megabit x 8 


QOOQ 


Forest Wise aeee eer oy Grate neecuk vane 400 age aie path win Mane ne marks oe 


U0 WU 
q a. 


O= 


Am27C800-125° 
Am27C800-120° 
Am27C800-150° 
Am27C800-200° 
Am27C800-250° 
Am27C800-255" 


5V+t 5% 
5V+10% 
5V+10% 
5V+10% 
5 V+ 10% 
5V+t 5% 


1 Megabit x 8/512K x 16 
1 Megabit x 8/512K x 16 
1 Megabit x 8/512K x 16 
1 Megabit x 8/512K x 16 
1 Megabit x 8/512K x 16 
1 Megabit x 8/512K x 16 


2000 
0 UU 


= 


oo00000 900000 g0000 7TO9O9O09O 90000000 gvge0o0000000 gve0090000000 0 


oO 


* Contact the local AMD sales office for the availability of this device. 
Notes: see page 1-10 
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ExpressROM 


Devices 


Am27X64 Am27X128 Am27X256 Am27X512 Am27X010 Am27X020 Am27X040 
Am27X100 Am27X2048 
Am27X1024 


ExpressROM Devices 


Pin 
Access Temp Package Count 
Organization Time (ns) Range’ Type? (PDIP/PLCC) 


Am27X64-105 
Am27X64-125 
Am27X64-120 
Am27X64-155° 
Am27X64-150 
Am27X64-175° 
Am27X64-170° 
Am27X64-205° 
Am27X64-200 
Am27X64-255° 
Am27X64-250 


5V+ 5% 
5V+ 5% 
5V+10% 
5V+t 5% 
5V+10% 
5V+ 5% 
5V+10% 
5V+t 5% 
5 V+ 10% 
5V+t 5% 
5V+10% 


a < - — os ~- ~ 
= 7 - ~~ ce 7 7 - 


Am27X128-105 
Am27X128-125 
Am27X128-120 
Am27X128-155* 
Am27X128-150 
Am27X128-175° 
Am27X128-1 70° 
Am27X128-205* 
Am27X128-200 
Am27X128-255° 
Am27X128-250 


5Vt 5% 
5V+ 5% 
5 V+ 10% 
5V+t 5% 
5V+10% 
5V+ 5% 
5V+10% 
5V+t 5% 
5V+10% | 
5V+ 5% 
5V+10% 


Am27X256-105 
Am27X256-125 
Am27X256-120 
Am27X256-155° 
Am27X256-150 
Am27X256-175° 
Am27X256-1 70° 
Am27X256-205° 


5V+ 5% 
5V+ 5% 
5V+10% 
5V+ 5% 
5V+10% 
5V+t 5% 
5V+10% 
5V+t 5% 


QONOMNNANNDND NANA VHAANANAN NANA HANAN NNNNHNO 
VVVVVVVVU = VVVVVVVVVVVU VVVVVVVVVVU UV 
COL. 6.66666 60666.606 6.666.606.0666 6 


Notes: see page 1-10 
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ExpressROM Devices (Cont.) 


Non-Volatile Memory Products Selector Guide 


Pin 
Part Access Temp Package Count Supply 
Number Organization Time (ns) Range’ Type? (PDIP/PLCC) Voltage 
Am27X256-200 32K x 8 200 C, | P,J 28/32 5V+10% 
Am27X256-255° 32K x 8 250 C, | P, J 28/32 5V+ 5% 
Am27X256-250 32K x 8 250 C, | P,J 28/32 5V+10% 
Am27X512-125 64K x 8 120 C, | P, J 28/32 
Am27X512-155 64K x 8 150 C, | P,J 28/32 5V+ 5% 
Am27X512-150 64K x 8 150 C, | P,J 28/32 5V+10% 
Am27X512-175° 64K x 8 170 C, | ge. 28/32 5V+ 5% 
Am27X512-170° 64K x 8 170 C, | PJ 28/32 5V+10% 
Am27X512-205° 64K x 8 200 C, | P,J 28/32 5V+ 5% 
Am27X512-200 64K x 8 200 C, | P,J 28/32 5V+10% 
Am27X512-255° 64K x 8 250 C, | P,J 28/32 5V+ 5% 
Am27X512-250 64K x 8 250 C, | P, J 28/32 5V+10% 
Am27X010-125 128K x 8 120 C, | Pi J 32/32 5V+ 5% 
Am27X010-155 128K x 8 150 C, | P,J 32/32 5V+ 5% 
Am27X010-150 128K x 8 150 C, | P,J 32/32 5V+10% 
Am27X010-175° 128K x 8 170 C, | P,J 32/32 5V+ 5% 
Am27X010-205° 128K x 8 200 C, | P,J 32/32 5 V+ 5% 
Am27X010-200 128K x 8 200 C, | P, J 32/32 5V+10% 
Am27X010-255° 128K x 8 250 C, | P,J 32/32 5V+ 5% 
Am27X010-250 128K x 8 250 C, | P, J 32/32 5 V+ 10% 
Am27X100-125 128K x 8 120 C, | P,J 32/32 5V+ 5% 
Am27X100-155 128K x 8 150 C, | P,J 32/32 5V+ 5% 
Am27X100-150 128K x 8 150 C, | P,J 32/32 5 V+ 10% 
Am27X100-175° 128K x 8 170 C, | P, J 32/32 5V+ 5% 
Am27X100-205° 128K x 8 200 C, | P,J 32/32 5V+ 5% 
Am27X100-200 128K x 8 200 C, | i, 32/32 5V+10% 
- Am27X100-255° 128K x 8 250 C, | P,J 32/32 5V+ 5% 
Am27X100-250 128K x 8 250 C, | P,J 32/32 5V+10% 
Am27X1024-175 64K x 16 170 C, | P,J 40/44 5V+ 5% 
Am27X1024-205 64K x 16 200 C, | P,J 40/44 5V+ 5% 
Am27X1024-200 64K x 16 200 C, | P, J 40/44 5V+10% 
Am27X1024-255° 64K x 16 250 C, | P,J 40/44 5V+ 5% 
Am27X1024-250 64K x 16 250 C, | Pi J 40/44 5V+10% 
Am27X020-155 256K x 8 150 C, | P, J* 32/32 5V+ 5% 
Am27X020-175° 256K x 8 170 C, | P, J* 32/32 5V+ 5% 
Am27X020-170° 256K x 8 170 C, | P, J* 32/32 5V+10% 
Am27X020-205 256K x 8 200 C, | Pw 32/32 5V+ 5% 
Am27X020-200 256K x 8 200 C, | oS. 32/32 5V+10% 
Am27X020-255° 256K x 8 250 C, | P, J” 32/32 5Vt 5% 
Am27X020-250 256K x 8 250 C, | P, J* 32/32 5V+10% 
Am27X2048-155 128K x 16 150 C, | P,J 40/44 5V+t 5% 
Am27X2048-175° 128K x 16 170 C, | P,J 40/44 5V+ 5% 
Am27X2048-170° 128K x 16 170 C, | P,J 40/44 5V+10% 
Am27X2048-205 128K x 16 200 C, | P,J 40/44 5V+ 5% 
Am27X2048-200 128K x 16 200 C, | P,J 40/44 5V+10% 
_ Am27X2048-255° 128K x 16 250 C, | P,J 40/44 5V+ 5% 
Am27X2048-250 128K x 16 250 C, | P,J 40/44 5 V+ 10% 
Am27X040-125 512K x 8 120 C, | P, J* 32/32 5V+ 5% 
Am27X040-155 512K x 8 150 C, | P, J* 32/32 5V+ 5% 
Am27X040-150 512K x 8 150 C, | Pid 32/32 5V+10% 
Am27X040-200 512K x 8 200 C, | Pow 32/32 5 V+ 10% 
Am27X040-250 512K x 8 250 C, | P, J* 32/32 5 V+10% 


* Contact the local AMD sales office for the availability of this device family. 
Notes: see page 1-10 


Non-Volatile Memory Products Selector Guide 


Fiash Memories 


Am28F256 Am28F512 Am28F010 Am28F020 


Am28Fxxx Family 


Part Access Temp Package Count 
Number Organization Time (ns) Range’ Type? (DIP/LCC, PLCC) 
and TSOP 


Am28F256-95 
Am28F256-90 
Am28F256-120 
Am28F256-150 
Am28F256-200 


Am28F512-95 
Am28F512-90 
Am28F512-120 
Am28F512-150 
Am28F512-200 


Am28F010-95 
Am28F010-90 
Am28F010-120 
Am28F010-150 
Am28F010-200 


Am28F020-95 
Am28F020-90 


32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 


64K x 8 
64K x 8 
64K x 8 
64K x 8 
64K x 8 


128K x 8 
128K x 8 
128K x 8 
128K x 8 
128K x 8 


256K x 8 
256K x 8 


~ ~ 
= 


mmm 
==: 


mmm 
=f 


mmm 
=== 


Am28F020-120 256K x 8 
Am28F020-150 256K x 8 
Am28F020-200 256K x 8 


mmm 
==: 


ONONNNQN ANANNAN AAHNNA 20000 


Notes: 
' Temp Range 
C = Commercial (0° to +70°C) 
| = Industrial (-40° to +85°) 
E = Extended Commercial (-55° to +125°C) 
M = Military (-55° to +125°C — most products available 
in both APL and DESC versions) 


2 Package Type 
C = Ceramic DIP 
L = Rectangular Ceramic Leadiess Chip Carrier 
P = Plastic DIP 
J = Rectangular Plastic Leaded Chip Carrier 
Flash Memories also available in Thin Small Outline Package 
(TSOP). Please consult factory for availabliity. 


crore 


000 
Ce Ce Co 


rPeeee 


v0 UU 
a a 


ee ee 


v0 VU 
cc. c. 


VUUCe 


D00V™T DOOVV DVOOVYD DOOVG 


a a 


5V+ 5% 
5V+10% 
5V+10% 
5V+10% 
5V+10% 


5V+ 5% 
5V+10% 
5V+10% 
5 V+ 10% 
5 V+ 10% 


5V+ 5% 
5V+10% 
5 V+ 10% 
5V+10% 
5V+10% 


5V+ 5% 
5 V+ 10% 
5V+10% 
5 V+ 10% 
5V+10% 


° These part numbers are not recommended for new designs. 


Alternative part types with improved margins are offered with 
no price premium. Please refer to the following table: 


Part number 
Am27Cxxx-95 
Am27Cxxx- 105 
Am27Cxxx-125 
Am27Cxxx-155 
Am27Cxxx-170 
Am27Cxxx-175 
Am27Cxxx-205 
Am27Cxxx-250 
Am27Cxxx-305 
Am27Cxxx-300 


Recommended part 
Am27Cxxx-90 
Am27Cxxx-100 
Am27Cxxx-120 
Am27Cxxx-150 
Am27Cxxx-150 
Am27Cxxx-150 
Am27Cxxx-200 
Am27Cxxx-200 
Am27Cxxx-255 
Am27Cxxx-200 


Note: ExpressROM equivalent part numbers begin with AM27X 


* TheAm27C010-90 and Am27C010-95 are no longer 
in production. Order part number Am27H010-90 or 
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Am27H010-90V05. 


First-In First-Out Devices Selector Guide 


First-In First-Out 
(FIFO) 


Devices 


64Xx5, 
OE, Flags 


Features and Benefits 

Low Density CMOS FIFOs (64 x 4/5) 

@ Shift rates to 35 MHz 

@ Zero standby power consumption 

m Ram-based technology with fast access times 
@ Three-state output and status flags 

@ Expandable in width and depth 


e- 
ae 
< 


TEIEEIEL 


Application- 
Specific 


FIFOs 


Bidirectional Programmable 
FIFO FIFO 
FIFO RAM 
Controller 


High-Density CMOS FIFOs (256, 512, 1K, 2K, 4K, 8K x 9) 


Data Rates 0 to 40 MHz for standard products and 
0 to 25 MHz for APL products 

Low power consumption — 100-mA max for — 15ms 
Status flags — Half-full, Empty, Full 

Asynchronous and simultaneous read/write 
Expandable in width and depth 
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First-In First-Out Devices Selector Guide 


FIFO IC Selector Guide 
Low-Density FIFOs 


Tech- Part Organ- 
nology Number ization Features 
C 67C401-10 Cc TPO Low Power, RAM Based 
Cc 67C401-15 Cc TPO Low Power, RAM Based 
Cc 67C4013-10 C TSO Low Power, RAM Based 
Cc 6704013-15 C TSO Low Power, RAM Based 
Cc 67C402-10 Cc TPO Low Power, RAM Based 
Cc 67C402-15 Cc TPO Low Power, RAM Based 
C 67C4023-10 Cc TSO Low Power, RAM Based 
Cc 67C4023-15 Cc TSO Low Power, RAM Based =a 
C 67C4033-10 C TSO Low Power, RAM Based, Status Flags, OE 
Cc 67C4033-15 C TSO Low Power, RAM Based, Status Flags, OE 
Cc 67C401-25 Cc TPO Low Power, RAM Based 
Cc 670401-35 C TPO Low Power, RAM Based 
Cc 6704013-25 C TSO Low Power, RAM Based 
Cc 67C4013-35 Cc TSO Low Power, RAM Based 
Cc 67C402-25 C TPO Low Power, RAM Based 
Cc 67C402-35 C TPO Low Power, RAM Based 
C 67C4023-25 Cc TSO Low Power, RAM Based 
Cc 6704023-35 Cc TSO Low Power, RAM Based 
Notes: Technology: Type: Package Type: Features: 
C = CMOS C = Cascadable N = Plastic DIP TSO = Three-State Output 
S = Standalone J = Ceramic DIP TPO = Totem-Pole Output 


High-Density FIFOs 


Organ- 
ization 


C 
Cc 
C 
C 
Cc 
Cc 
C 
C 
Cc 
Cc 
Cc 
Cc 
Cc 
Cc 
C 
Cc 
Cc 
Cc 
Cc 
Cc 
C 
Cc 
Cc 
C 
Cc 


Type 


QAAMQANKNAAAIAIAAAANAANAAAMNAAMAAAA0a4 


PC, JC, RC 
PC, JC, RC 
PC, JC, RC 
PC, JC, RC 
PC, JC, RC 
PC, JC, RC 
PC, JC, RC 
PC, JC, RC 
PC, JC, RC 
PC, JC, RC 
PC, JC, RC 
PC, JC, RC 
PC, JC, RC 
JC, RC 

PC, JC, RC 
PC, JC, RC 
PC, JC, RC 


PC = 600 MIL Plastic DIP 


7205A-15 
Notes: Technology: Type: Package Type: 
B = Bipolar C = Cascadable 
C = CMOS S = Standalone 
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JC = Plastic Leaded Chip 


RC = 300 mil Plastic Dip 


28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 


TSO Access Time = 80 ns, Status Flags 
TSO Access Time = 65 ns, Status Flags 
TSO Access Time = 50 ns, Status Flags 
TSO Access Time = 35 ns, Status Flags 
TSO Access Time = 25 ns, Status Flags 
TSO Access Time = 80 ns, Status Flags 
TSO Access Time = 65 ns, Status Flags 
TSO Access Time = 50 ns, Status Flags 
TSO Access Time = 35 ns, Status Flags 
TSO Access Time = 25 ns, Status Flags 
TSO Access Time = 50 ns, Status Flags 
TSO Access Time = 35 ns, Status Flags 
TSO Access Time = 25 ns, Status Flags 
TSO Access Time = 15 ns, Status Flags 
TSO Access Time = 50 ns, Status Flags 
TSO Access Time = 35 ns, Status Flags 
TSO Access Time = 25 ns, Status Flags 
TSO Access Time = 15 ns, Status Flags 
TSO Access Time = 50 ns, Status Flags 
TSO Access Time = 35 ns, Status Flags 
TSO Access Time = 25 ns, Status Flags 
TSO Access Time = 15 ns, Status Flags 
TSO Access Time = 35 ns, Status Flags 
TSO Access Time = 25 ns, Status Flags 
TSO Access Time = 15 ns, Status Flags 


Features: 
TSO = Three-State Output 


First-in First-Out Devices Selector Guide 


Application-Specific FIFOs 


Features 


Am4701 Dual 512 x 8 28, 32 (JC) TSO Access Time = 30 ns, 35 ns, 
Programmable Flags 
Am4601 §12x9 28, 32 (JC) TSO Access Time = 25 ns, 35 ns 
Programmable Flags 
674219 512 x 64K 40 TSO FIFO RAM Controller, 16-Bit SRAM 
Address, Status Flags 
Notes: Technology: Type: Package Type: Features: 
B = Bipolar C = Cascadabie PC,RC = Plastic DIP TSO = Three-State Output 
C = CMOS S = Standalone JC = Plastic Leaded Chip 
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First-in First-Out Devices Selector Guide 


FIFO Cross Reference Guide 


LOW DENSITY CMOS 


HIGH DENSITY CMOS 
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67C401-10J 
67C401-10N 
67C401-15J 
67C401-15N 
67C401-25N 
67C401-35J 


6704013-10J 
67C4013-10N 
6704013-15J 
67C4013-15N 
6704013-25N 
6704013-25N 


67C402-10J 
67C402-10N 
67C402-15J 
67C402-15N 
67C402-25N 


67C4023-10J 
67C4023-10N 
67C4023-15J 
67C4023-15N 
67C4023-25N 


amo _fevpness [wr SAMSUNG 


Am7200-25JC 
Am7200-25PC 
Am7200-25RC 
Am7200-35JC 
Am7200-35PC 
Am7200-35RC 
Am7200-50JC 
Am7200-50PC 
Am7200-50RC 
Am7200-65JC 
Am7200-65PC 
Am7200-65RC 
Am7200-80JC 
Am7200-80PC 
Am7200-80RC 
Am7201-25JC 
Am7201-25PC 
Am7201-25RC 
Am7201-35JC 
Am7201-35PC 
Am7201-35RC 
Am7201-50JC 
Am7201-50PC 
Am7201-50RC 


CY7C401-10DC 
CY7C401-10PC 
CY7C401-15DC 
CY7C401-15PC 
CY7C401-25PC 
CY7C401-25PC 


CY7C403-10DC 
CY7C403-10PC 
CY7C403-10DC 
CY7C403-15PC 
CY7C403-15DC 
CY7C403-25PC 


CY7C402-5/-10DC 
CY7C402-5/-10PC 


CY7C402-15DC 
CY7C402-15PC 
CY7C402-25PC 


CY7C404-5/-10DC 
CY7C404-5/-10PC 


CY7C404-15DC 
CY7C404-15PC 
CY7C404-25PC 


CY7C421-25JC 
CY7C420-25PC 
CY7C421-25PC 
CY7C421-40JC 
CY7C420-40PC 
CY7C421-40PC 


IDT72401L10D 
IDT72401L10P 
IDT72401L15D 
1IDT72401L15P 
IDT72401L25P 
IDT72401L25P 


IDT72403L10D 
IDT72403L10P 
IDT72403115D 

IDT72043L15P 
IDT72043L25D 
IDT72043L25P 


IDT72402L10D 
IDT72402L10P 
IDT72402L15D 
IDT72402L15P 
IDT72402L25P 


IDT72404L10D 
IDT72404L10P 
IDT72404L15D 
1IDT72404L15P 
IDT72404L25P 


IDT7200S/L25J 
IDT7200S/L25P 
IDT7200S/L25TP 
IDT7200S/L35J 
IDT7200S/L35P 
IDT7200S/L35TP 
IDT7200S/L50J 
IDT7200S/L50P 
IDT7200S/L50TP 
IDT7200S/L65J 
IDT7200S/L65P 
IDT7200S/L65TP 
IDT7200S/L80J/120J 
IDT7200S/L80P/120P 
IDT7200S/L80TP/120TP 
IDT7201SA/LA25J 
IDT7201SA/LA25P 
IDT7201SA/LA25TP 
IDT7201SA/LA35J 
IDT7201SA/LA35P 
IDT7201SA/LA35TP 
IDT7201S/L/SA/LASOJ 
IDT7201S/L/SA/LASOP 
IDT7201S/L/SA/LASOTP 


KM75C01AJ-25 
KM75C01AP-25 
KM75CO1AN-25 
KM75C01AJ-35 
KM75CO1AP-35 
KM75C01AN-35 
KM75C01AJ-50 
KM75C01AP-50 
KM75C01AN-50 
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HIGH DENSITY CMOS 


(Continued) 


Am7201-65JC 
Am7201-65PC 
Am7201-65RC 
Am7201-80JC 
Am7201-80PC 
Am7201-80RC 
Am7202A-15JC 
Am7202A-15RC 
Am7202A-25JC 
Am7202A-25PC 
Am7202A-25RC 
Am7202A-35JC 
Am7202A-35PC 
Am7202A-35RC 
Am7202A-50JC 
Am7202A-50PC 
Am7202A-50RC 
Am7203A-15JC 
Am7203A-15RC 
Am7203A-25JC 
Am7203A-25PC 
Am7203A-25RC 
Am7203A-35JC 
Am7203A-35PC 
Am7203A-35RC 
Am7203A-50JC 
Am7203A-50PC 
Am7203A-50RC 
Am7204A-15JC 
Am7204A-15RC 
Am7204A-25JC 
Am7204A-25PC 
Am7204A-25RC 
Am7204A-35JC 
Am7204A-35PC 
Am7204A-35RC 
Am7204A-50JC 
Am7204A-50PC 
Am7204A-50RC 
Am7205A-15RC 
Am7205A-25RC 
Am7205A-35RC 


CY7C421-65JC 
CY7C420-65PC 
CY7C421-65PC 


CY7C425-25JC 
CY7C424-25PC 
CY7C425-25PC 
CY7C425-40JC 
CY7C424-40PC 
CY7C425-40PC 


CY7C429-25JC 
CY7C428-25PC 
CY7C429-25PC 
CY7C429-40JC 
CY7C428-40PC 
CY7C429-40PC 


CY7C433-25JC 
CY7C432-25PC 
CY7C433-25PC 
CY7C433-40JC 
CY7C432-40PC 
CY7C433-40PC 
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| amo __| cypress | 107 


IDT7201S/L/SA/LA65J 
IDT7201S/L/SA/LA65P 
IDT7201S/L/SA/LA65TP 
IDT7201S/L/SA/LA80J/120J 
IDT7201S/L/SA/LA80P/120P 
1IDT7201S/L/SA/LA80TP/120TP 


IDT7202SA/LA25J 
IDT7202SA/LA25P 
IDT7202SA/LA25TP 
IDT7202SA/LA35J 
IDT7202SA/LA35P 
IDT7202SA/LA/35TP 
IDT7202S/L/SA/LASOJ 
IDT7202S/L/SA/LA50P 
IDT7202S/L/SA/LA80TP/120TP 


IDT7203S/L35J 
IDT7203S/L35P 


IDT7203S/L50/65/80J 
IDT7203S/L50/65/80P 


IDT7204S/L35J 
IDT7204S/L35P 
IDT7204S/L35TP 
IDT7204S/L50/65/80J 
IDT7204S/L50/65/80P 
IDT7204S/L50/65/80TP 


IDT7205L25TP 
IDT7205L50TP 


KM75C01AJ-80 
KM75C01AP-80 
KM75C01AN-80 


KM7SCO2AJ-25 
KM75CO2AP-25 
KM75CO2AN-25 
KM75CO02AJ-35 
KM75CO2AP-35 

KM75CO02AN-35 
KM75CO3AJ-50 
KM75CO2AP-50 
KM75CO2AN-50 


KM75CO3AJ-25 
KM75CO3AP-25 
KM75CO3AN-25 
KM75CO3AJ-35 
KM75CO3AP-35 
KM75CO3AN-35 
KM75CO3AJ-50 
KM75CO3AP-50 
KM75CO03AN-50 


Static RAMs Selector Guide* 


NMOS 
Static RAMs 


introduction 

AMD’s current product offerings in Static RAMs are comprised 
of NMOS and application-specific Static RAMs. The NMOS 
product offering ranges from 1K to 16K densities. 


One of the ASIC RAM products currently in production is the 
Am99C10A, a proprietary high performance CMOS Content 


“Other than the Am99C10A which is featured in Section 5, 
there are no Static RAM data sheets in this book. You may 
obtain a data sheet for a specific device by contacting your 
local AMD representative or calling the 800 literature number— 
(800)222-9323. 
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Application- 
Specific RAMs 


Addressable Memory (CAM) with a capacity of 256 words and 
48 bits per word. The Am99C10A is optimized for address de- 
coding in Local Area Network (LAN) and bridging applications. 


NMOS 
Static RAMs 


Static RAMs Selector Guide 


Am2147 Am9044 Am2167 
Am21L47 Am90L44 Am2168 
Am2148 Am9114 Am9128 


Am21L48 Am91L14 
Am2149 Am9150 | 
Am21L49 Am91L50 


NMOS Static RAMs 
1K Static RAMs | 


Power | Power Dissipation (mW) (mW) 
Part Access Supply Temp Package 
Number Organization Time (ns) Standby | Aetive | Voltage | Range’ Type? 


Am9122-25 N/A 600 : 
Am9122-35 N/A 600 5V = M s : 
Am91L22-35 N/A 400 5V C DP 
Am91L22-45 N/A 400 5V- C,M D, P 


4K Static RAMs 


Power Dissipation | Power Dissipation (mW) 
Part Access Supply 
Number Organization Time (ns) Standby Voltage 


Am2147-35 
Am2147-45 
Am2147-55 
Am2147-70 
Am21L47-45 
Am21L47-55 
Am21L47-70 
Am2148-35 
Am2148-45 
Am2148-55 
Am2148-70 
Am21L48-45 
Am21L48-55 
Am21L48-70 


Notes: see page 1-10 


4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 
1024x4 
1024 x 4 
1024 x 4 


oo0o0c909090900 000 CO 
Perr sf ae ee ae Po ee 
vuvuvUvVVvVVV OM Tm UV 


zzz 
oo 


zzz 


- 
” 


NQANQNNAAANAQA0N000 O 
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4K Static RAMs (Cont.) 


Power | Power Dissipation (mW) _ (mW) 
Part Access Supply Temp Package 
Number Organization Time (ns) Standby | Active | Voltage Range’ Type? 


Am2149-35 1024 x 4 
Am2149-45 -1024x4 
Am2149-55 1024 x 4 
Am2149-70 1024 x 4 
Am21L49-45 1024 x 4 
Am21L49-55 1024 x 4 
Am21L49-70 1024 x 4 


zzz 


el soph eel gad wall) act oy 
 vvuUVvVVVvV UU 


Am9044B 
Am90L44B 
Am9044C 
Am90L44C 
Am9044D 
Am90L44D 
Am9044E 
Am90L44E 


Am9114B 
Am91L14B 
Am9114C 
Am91L14C 
Am9114E 
Am91L14E 


Am9150-20 
Am9150-25 
Am9150-35 
Am9150-45 


4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 


1024 x4 
1024 x 4 
1024x4 
1024 x 4 
1024 x 4 
1024x 4 


1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 


zszzzze 


zzzzzez 


zzz 


Am91L50-20 1024 x 4 
Am91L50-25 1024x4 
Am91L50-35 1024 x 4 
Am91L50-45 1024 x 4 


QNNQQNNNA ANNNNNAND ANMNNNNANHDN ANANNN0O4 


16K Static RAMs 


Power | Power Dissipation (mW) (mW) 
Part Access Supply 
Number Organization Time (ns) Standby | Active Voltage 


Am2167-35 16384 x 1 
Am2167-45 16384 x 1 
Am2167-55 16384 x 1 
Am2167-70 16384 x 1 


Q20200 
zz=z 


Am2168-35 
Am2168-45 
Am2168-55 
Am2168-70 


Am9128-10 
Am9128-12 
Am9128-15 
Am9128-20 
Am9128-70 
Am9128-90 


Notes: see page 2-21 
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4096 x 4 
4096 x 4 
4096 x 4 
4096 x 4 


2048 x 8 


2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 


Cc 

C,M 
C,M 
C,M 


<< OR OR Ok <i) 
<< 


"ahh Ee sllg ap vTv0v0v UU vTuvuVvVTVUVVUVUV 
vvu0T0 UU 


vTvvU CU 


oOo000000 9g0n0000 g9v9N99000 9000000 


Package 
Type? 


mie Joes * es * 00 0 TU v0 UU 


ath) sr Se es, 


oOo00000 9000 900090 
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Application- 
Specific RAMs 


Content 
Dual- Addressable 
Port RAM Memory 
| (CAM) 


Am2130 Am99C10A 


Application-Specific RAMs 
Dual Port RAM 


Power Dissipation (mW) Pin 
Part Access Count Supply Temp Package 
Number Organization | Time (ns) Standby | Active | DIP/PLCC | Voltage | Range’ Type? 
55 5V 


Am2130-55 1024x8 605/220 
Am2130-70 1024 x8 605/220 
Am2130-100 1024 x 8 605/220 
Am2130-120 1024x8 605/220 


Content Addressable Memory (CAM) 


Power Dissipation (mW) Pin 
Part Access Count Supply Temp 
Number Organization Time (ns) Standby Active | DIP/PLCC; Voltage Range’ Type? 
Am99C10A-10} 256 x 48 100 715 28/32 5V Cc ENE oe 
Am99C10A-70; 256 x 48 70 715 28/32 5V Cc D,P 


Notes: see page 1-10 


J 
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SECTION 2 at 
CMOS Erasable Programmable Read 
Only Memories (EPROMs) 


Section 2 


CMOS Erasable Programmable Read Only Memories 


(EPROMs) 


Am27C64 

Am27C128 
Am27C256 
Am27H256 


Am27C512 
Am27C512L 


Am27C010 
Am27H010 


Am27HB010 
Am27C100 


Am27C 1024 
Am27C020 
Am27C2048 
Am27C040 
Am27C400 


Am27C4096 
Am27C080 
Am27C800 


An Introduction to EPROMs 


64K (8,192 x 8-Bit) CMOS EPROM 
128K (6,384 x 8-Bit) CMOS EPROM 
256K (32,768 x 8-Bit) CMOS EPROM 
High Speed 256K (32,768 x 8-Bit) 

35 8S Sag 2 Ui”, RRM ae ga ene 
512K (65,536 x 8-Bit) CMOS EPROM 
Ultra Low Power 512K (65,536 x 8-Bit) 
Rte et PE cr Gas SS ees oe i eos Ae 
1 Megabit (131,072 x 8-Bit) CMOS EPROM ...... 
High Speed 1 Megabit (131,072 x 8-Bit) 
CR eis c ook wale oe een 
High Speed Burst-Mode 1 Megabit 

(131,072 x 8-Bit) CMOS EPROM 
1 Megabit (131,072 x 8-Bit) ROM Compatible 
SPARE PIRI SoS ep ea ok ot wR ee OS 
1 Megabit (65,536 x 16-Bit) CMOS EPROM ...... 
2 Megabit (262,144 x 8-Bit) CMOS EPROM...... 
2 Megabit (131,072 x 16-Bit) CMOS EPROM ..... 
4 Megabit (524,288 x 8-Bit) CMOS EPROM ...... 
4 Megabit (524,288 x 8-Bit/262,144 x 16-Bit) 

ROM Compatible CMOS EPROM ...... SASS a) oe 
4 Megabit (262,144 x 16-Bit) CMOS EPROM ..... 
8 Megabit (1,048,576 x 8-Bit) CMOS EPROM .... 
8 Megabit (1,048,576 x 8-Bit/524,288 x 16-Bit) 
ROM Compatible CMOS EPROM.............. 


2-1 


CMOS Erasable Programmable Read Only Memories (EPROMs) AMD a 


2-2 


| Section 2 
An Introduction to Electrically at 
Erasable Read Only Memories 
(EPROMs) 


Advanced Micro Devices has consistently improved the CMOS process used to manufacture 
EPROMs to remain the technology leader in the marketplace. In addition to providing lower 
cost and higher density EPROM solutions, AMD’s advanced CMOS process creates the 
highest performance devices in the industry. The devices that achieve high speed through 
process technology identified as “Am27C”. This family provides the designer with a broad 
range of speeds and densities for most designs. AMD has also introduced a family of CMOS 
EPROMs that have been designed especially for speed. This “Am27H” family supports 35 ns 
and 45 ns speeds at the 256K and 1 Megabit densities, respectively. These are truly the fast- 
est EPROMs in the world. 


These high speed “commodity” EPROMs and ultra-high performance “27H” EPROMs allow 
the systems designer to maximize microprocessor efficiency by matching clock speed with 
access time. This performance edge also benefits digital signal processor (DSP) and other 
users by doing away with the need for expensive shadow RAM. 


AMD’s product portfolio also includes two application specific EPROMS. For RISC processor 
applications, the 27HB010 1 Megabit ‘burst access mode’ EPROM offers a 15 ns sequential 
access Capability. For portable systems with power sensitive requirements, AMD offers the 
Am27C512L. This device is functionally identical to the Am27C51 2 but offers an 88 percent 
power savings. The Am27C512L operates on a miserly 5 mA of current (worst case) in the 
active mode at speeds of 5 MHz. 
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EPROM Speed Selector Overview 


4096K 
2048K 


1024K 


EPROM 
Density 512K 


256K 
128K 


64K 


15 35 45 55 70 90 120 150 200 300 
Access Time (ns) EPROM Family 


2-4 


AMD at 


CMOS Erasable Programmable Read Only Memories (EPROMs) 


High Speed EPROMs and Microprocessors 

With the advent of the current generation of high speed microprocessors and their increasing 
use in embedded control systems it is becoming more and more important to match clock 
speed with memory access time. The impact of a slow memory can have a drastic effect on 
system performance and cost. Until recently the designer's only choices have been to use 
PROMs or copy the contents of slow EPROMs into faster DRAMs or SRAMs. Both of these 
solutions are expensive in terms of both device cost and board area. Advanced Micro De- 
vices manufactures a full line of high speed EPROMs that enable the designer to produce 
systems that allow microprocessors to achieve maximum performance. 


The standard method of interfacing to slow EPROMs is by adding wait states to the memory 
access cycle. At first this may not seem to be a problem. However, with a typical memory 
cycle requiring 3 CPU cycles, each additional cycle is a 30% reduction in speed! The per- 
formance of an expensive 25 MHz processor can easily be reduced to that of a 16 MHz ver- 
sion simply by adding 2 wait states. This magnitude of performance degradation is not ac- 
ceptable in the competitive market of today. 


Table 1 


aaa | | Sa [Me 
Frequency Access Time a Time 
occ ss ee ee ee cee ee 

oe ee a ee eee 
CMe | ee | ie 
a es ee ee ee eee eee 
sa. oo | a | 
ee ee eae Sees ee eee 
[iemez | 0 | 7ons | 190n8 
ieee ne ee 


The table above lists CPU clock speed and the required EPROM access time for the given 
wait states. It should be noted that by inserting just one wait state (see Memory Access Cycle 
Time above) the performance of the CPU is degraded to that of the slower clock speed with 
zero wait states. Considering the cost premium for the faster CPU, the simple insertion of a 
wait state can undermine the cost/performance ratio of the final system. 


There have been two traditional engineering solutions to this problem: 
m@ utilize a combination of slow EPROM and faster DRAM and/or SRAM, and 
m™ utilize interleaving banks of memory 


Both of the above solutions do work but at the expense of increasing cost to achieve the de- 
sired performance. The increased cost comes in the form of: 


@ inefficient utilization of memory due to duplication 
™@ payment of premium prices for high speed SRAM/DRAM, and 
m™ increase of real estate and decreased reliability due to higher component count. 
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Advanced Micro Devices offers a better solution by eliminating wait states. High speed 
(45-120 ns) EPROMs are available, and designing a system using them is very easy. Don't 
add wait states! Most manufacturers have a formula listed in their design manuals that is 
used to calculate the EPROM access time required. They suggest that you vary the number 
of wait states in the formula until you hit on the access time of an EPROM that they manufac- 
ture. May we suggest that you use zero wait states in their formula and choose an EPROM 
listed in this data book. 


Minimum 3 CPU Cycles 
Address Address 


Ready Buffer 
Delay Delay 


CPU Memory Access Delay Path 
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Board Layout and Bypassing Methods for High Speed 
EPROMs 

Now that you have made the decision to get maximum performance from your microproces- 
sor here are a few tips to make sure that your design goes to production smoothly. These tips 
are general system tips and are not unique to EPROMs. They can be used in any high speed 
design. | 


As system speed increases so does the power supply noise, which can disrupt the system if 
left unchecked. There are some simple methods for reducing noise that can be used as 
guidelines when designing and laying out systems. The extent to which these tips are used in 
your design will depend on PC board size, total power supply capacity, length of feed lines 
fromthe power supply, presence of a ground plane in the PC board, clock speed, etc. There 
is NO way to come up with an exact formula to minimize noise, so it is best to start with a stan- 
dard setup and then modify it to fit the current design. 


Rule of thumb number 1: 


m Place a 0.1 uf capacitor as close as possible to every IC between Vcc and GND. 


m Place a 1.0 uf capacitor between Vcc and GND for every four ICs on a power trace. 


GND 


Rule of thumb number 2: 


m Use power planes if you can. 


This generally requires a multi-layer PC board that uses one or two of the internal layers to 
carry the power to each IC with very large traces. Don't forget to provide heat relief on the 
holes. 
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Ground 
Plane 


Typical Ground Plane 
Heat Relief Pattern 


m@ If power planes cannot be used for some reason, then do not snake the trace. 


Use acomb pattern to distribute the power to the ICs. Run heavy buses down the side of the 
board with smaller traces taking the power between the ICs and smaller traces yet taking the 
power to the individual ICs. 


Rule of thumb number 3: 


If you must wire wrap the prototype design place the bypass capacitors on the wire side of the 
board and solder them directly to the socket. Save yourself a lot of time and trouble and do 
this before you wire the board. 


Rule of thumb number 4: 


When wiring a prototype do not channel the wires. This looks nice but you will spend a lot of 
time looking for cross talk problems, where the signal is coupled from one wire to another. 
Use direct point-to-point wiring. 


Rule of thumb number 5: 


Use a crow foot wiring pattern and not a daisy chain pattern. Have the heel of the crow foot at 
the signal source to drive the entire foot. 


Signal 


Example of a Crow Foot Pattern 
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Signal 
Source 
& a & & & & 
# & * 8 = Py 
s & E % & x 
& & 2 eee 5 % 
BS = - ig & 
fh & » 8 8 = 
ss z Ee g i 
os ‘s & z & a 


Example of a Daisy Chain Pattern 


lf there are too many destinations for the signal to be supplied from a single pin, use a modi- 
fied crow foot. 


Signal 

Source 
s ime ieee SE =e Bi ea 
aS = Xt & See ped 
aa eee Ps ® 
_ as aN a a 
oe a ie = = 3 
Be i sea ied Be & a 
@ a = i Fae es 
Ei Bs wi a ease 8 s 


Example of a Modified Crow Foot Pattern 
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Am27C64 


8,192 x 8-Bit CMOS EPROM 


DISTINCTIVE CHARACTERISTICS 
m@ Fast access time—55 ns 
Mm Low power consumption: 

-—100 nA maximum standby current 
@ Programming voltage: 12.75 V 
mM Single +5 -V power supply 


GENERAL DESCRIPTION 


The Am27C64 is a 64K-bit, ultraviolet erasable pro- 
grammable read-only memory. It is organized as 8,192 
words by 8 bits per word, operates from a single +5-V 
supply, has a static standby mode, and features fast sin- 
gle address location programming. Products are avail- 
able in windowed ceramic DIP and LCC packages, as 
well as plastic one-time programmable (OTP) pack- 
ages. 


Typically, any byte can be accessed in less than 55 ns, 
allowing operation with high-performance microproces- 
sors without any WAIT states. The Am27C64 offers 


BLOCK DIAGRAM 


and 


Ordering Part Number 
+5% Vcc Tolerance 


+10% Vcc Tolerance 


Output Enable 
Chip Enable pny 


Prog Logic 


Advanced 
Micro 
Devices 


JEDEC—approved pinout 
+10% power supply tolerance 
Fast Flashrite™ programming 


Latch-up protected to 100 mA from -1 V to 
Vcc +1 V 


separate Output Enable (OE) and Chip Enable (CE) 
controls, thus eliminating bus contention in a multiple 
bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 250 pW in 
standby mode. 


All signals are TTL levels, including programming sig- 
nals. Bit locations may be programmed singly, in blocks, 
or at random. 


Data Outputs 
DQco—-DQ; 


Output Buffers 


Y-Gating 


65,538-Bit 


Cell Matrix 


11419-001A 


ip Acoves Time ins) ____$8 {70 80 Oe ae 
CE is Access (ns) Saas 
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Issue Date: March 1991 


Amendment/0 
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CONNECTION DIAGRAMS 
Top View 


DIP 


~ 
© 
© 

* 


~|_( NC (Note 2) 


op my Ag 
As Ag 
OE G) A, A, 
Ag NC 
CE (E) A, OE (G) 
A Ato 
Ay CE (E) 
NC DQ, 
DQ, ) 113 DQ, 
14 15 16 17 18 19 20 
me 
gq0 2823009 
11419-002A a RS eee eae 
* Also Available in a 32-pin rectangular plastic leaded chip carrier 2 11419-003A 
Z 
Notes: a 
1. JEDEC nomenclature is in parantheses. 
2. Don’t use (DU) for PLCC. 
LOGIC SYMBOL 
11419-004A 
PIN DESCRIPTION 
Ao — Ai12 = Address Inputs 
CE (EB) = Chip Enable Input 
DQo-DQ7 = Data Inputs/Outputs 
OE (G) = Output Enable Input 
PGM (P) == Program Enable Input 
Vcc = Vcc Supply Voltage 
Vpp = Program Supply Voltage 
GND = Ground 
NC = No Internal Connection 
DU | = No External Connection 
Am27C64 2-11 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: Device Number 


b. Speed Option 
c. Package Type 
d. Temperature st 
e. Optional Processing 


AM27C64 -55 D Cc 


i 


. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 
E = Extended Commercial (—55 to +125°C) 


c. PACKAGE TYPE 
D = 28-Pin Ceramic DIP (CDV028) 
._L = 32-Pin Rectangular Ceramic Leadiess 
Chip Carrier (CLV032) 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C64 
8K x 8-Bit CMOS UV EPROM 


Valid Combinations Valid Combinations 
5 Valid Combinations list configurations planned to be 
fs iat ae ‘. supported in volume for this device. Consult the lo- 
AM27C64-70 (CB LLB cal AMD sales office to confirm availability of specific 
AM27C64-75 en pa sila ag or to check on newly released 
combinations. 


AM27C64-90 DC, DCB, DI, 
AM27C64-120 DIB, DE, DEB, 
AM27C64-150 LC, LCB, LI, 


L168, 1.6, LEB, 
AM27C64-200 


AM27C64-255 
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OTP Products 
AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 
b. Speed Option 
c. Package Type 
d. Temperature puage 
e. Optional Processing 
AM27C64 -90 


aS! e. OPTIONAL PROCESSING 


Blank = Standard processing 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (40°C to +85°C) 


c. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 
J = 32-Pin Rectangular Plastic Leaded Chip 
Carrier (PL 032) 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C64 
8K x 8-Bit CMOS OTP EPROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations. 


JC, PC, 
oe" 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several aceaee and operating ranges. APL Seprare 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 
by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Lead Finish 


AM27C64 -90 /B 


4 
i e. LEAD FINISH 


A = Hot Solder Dip 


d. PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CDV028) 
U = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLV032) 


DEVICE CLASS 
/B = Class B 
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b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C64 
8K x 8-Bit CMOS UV EPROM 


Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 
ability of specific valid combinations, or to check 
on newly released combinations. 


[BXA, BUA 


Group A Tests 


Group A tests consist of Subgroups 
1, 2,3, 7, 8, 9, 10, 11. 
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FUNCTIONAL DESCRIPTION 
Erasing the Am27C64 


In order to clear all locations of their programmed con- 
tents, it is necessary to expose the Am27C64 to an ultra- 
_ violet light source. A dosage of 15 W seconds/cm2 is re- 
quired to completely erase an Am27C64. This dosage 
can be obtained by exposure to qn ultraviolet lamp- 
wavelength of 2537 Angstroms (A)-with intensity of 
12,000 nW/cm2 for 15 to 20 minutes. The Am27C64 
should be directly under and about one inch from the 
source and all filters should be removed from the UV 
light source prior to erasure. 


It is important to note that the Am27C64, and similar de- 
vices, will erase with light sources having wavelengths 
shorter than 4000 A. Although erasure times will be 
much longer than with UV sources at 2537 A, neverthe- 
less the exposure to fluorescent light and sunlight will 
eventually erase the Am27C64 and exposure to them 
should be prevented to realize maximum system reli- 
ability. If used in such an environment, the package win- 
dow should be covered by an opaque label or sub- 
stance. 


Programming the Am27C64 


Upon delivery, or after each erasure, the Am27C64 has 
all 65,336 bits in the “ONE”, or HIGH state. “ZEROs” are 
loaded into the Am27C64 through the procedure of pro- 
gramming. 


The programming mode is entered when 12.75+ 0.25 V 
is applied to the Vep pin, CE is at Vit, and PGM is at Vit. 


For programming, the data to be programmed is applied 
8 bits in parallel to the data output pins. 


The Flashrite programming algorithm (shown in Figure 
1) reduces programming time by using initial 100 ps 
pulses followed by a byte verification to determine 
whether the byte has been successfully programmed. If 
the data does not verify, an additional pulse is applied 
for a maximum of 25 pulses. This process is repeated 
while sequencing through each address of the EPROM. 


The Flashrite programming algorithm programs and 
verifies at Vcc = 6.25 V and Vpp = 12.75 V. After the final 
address is completed, all bytes are compared to the 
original data with Vcc = Vpp = 5.25 V. 


Program Inhibit 


Programming of multiple Am27C64s in parallel with dif- 
ferent data is also easily accomplished. Except for CE, 
all like inputs of the parallel Am27C64 may be common. 
A TTL low-level program pulse applied to an Am27C64 
PGM input with Vep = 12.75 + 0.25 and CELOW will pro- 
gram that Am27C64. A high-level CE input inhibits the 
other Am27C64s from being programmed. 


Program Verify 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 


verify should be performed with OE and CE at Vit. PGM 
at Vin, and Vep between 12.5 V and 13.0 V. 


Auto Select Mode 


The auto select mode allows the reading out of a binary 
code from an EPROM that will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching 
the device to be programmeed with its corresponding 
programming algorithm. This mode is functional in the 
25°C + 5°C ambient temperature range that is required 
when programming the Am27C64. 


To activate this mode, the programming equipment 
must force 12.0 + 0.5 V on address line Ag of the 
Am27C64. Two identifier bytes may then be sequenced 
from the device outputs by toggling address line Ao from 
Vit to Vin. Allother address lines must be held at Vit dur- 
ing auto select mode. 


Byte 0 (Ao = Vi_) represents the manufacturer code, and 
byte 1 (Ao = Vin), the device identifier code. For the 
Am27C64, these two identifier bytes are given in the 
Mode Select table. All identifiers for manufacturer and 
device codes will possess odd parity, with the MSB 
(DQ7) defined as the parity bit. 


Read Mode 


The Am27C64 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. As- 
suming that addresses are stable, address access time 
(tacc) is equal to the delay from CE to output (tce). Data 
is available at the outputs tOE after the falling edge of 
OE, assuming that CE has been LOW and addresses 
have been stable for at least tacc—toe. 


Standby Mode 


The Am27C64 has a CMOS standby mode which re- 
duces the maximum Vcc current to 100 pA. Itis placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27C64 also has a TTL-standby mode which reduces 
the maximum Vcc current to 1.0 mA. It is placed in TTL— 
standby when CE is at VIH. When in standby mode, the 
outputs are in a high-impedance state, independent of 
the OE input. 


Output OR-Tieing 


To accomodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


Am27C64 2-15 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 
are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
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and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1 uF ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on EPROM ar- 
rayS, a 4.7 uF bulk electrolytic capacitor should be used 
between Vcc and GND for each eight devices. The loca- 
tion of the capacitor should be close to where the power 
supply is connected to the array. 


Mode Select Table 


— 


Read 

Output Disable 
Standby (TTL) 
Standby (CMOS) 


Program 


V 


a Oe 
| 


Program Verify Vit VIL 


Vit 
Vit 

iH 
Vit 


(Note 3) | Device Code Vit 


Notes: 

1. Xcan be either Vit or Vin 
2. VH=12.0V+0.5V 

3. A1—As = Ai0—-Ai2 = Vit 

4 


wr ee 


Program Inhibit VIH 


Auto acta Vit Vit Vit Vec 01H 
Select 


. See DC Programming Characteristics for Vpp voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature: 
OTP Products -—65 to + 125°C 
All Other Products —65 to + 150°C 
Ambient Temperature 
with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 
All pins except Ag, Vpp, and 
Vcc (Note 1) —0.6 to Vcc + 0.6 V 
Ag and Vpp (Note 2) —0.6 to 13.5 V 
Vec -—0.6 to 7.0 V 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


Notes: 

1. During transitions the inputs may overshoot GND to 
—2.0 V for periods of up to 20 ns. Maximum DC voltage on 
input and I/O may overshoot to Vcc + 2.0 V for periods up 
to 20 ns. 

2. During transitions, Ag and Vpp may overshoot GND to 
—2.0 V for periods of up to 20 ns. Ag and Vpp must not ex- 
ceed 13.5 V for any period of time. 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) 0 to +70°C 
industrial (1) Devices 

Case Temperature (Tc) —40 to +85°C 
Extended Commercial (E) Devices 

Case Temperature (Tc) —55 to +125°C 
Military (M) Devices 

Case Temperature (Tc) —55 to +125°C 
Supply Read Voltages: 

Vcc/Vpp for Am27C64—XX5 +4.75 to +5.25 V 

Vcc/Vep for Am27C64—XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified (Notes 1, 4, 5 & 8) 


TTL and NMOS Inputs 


Input HIGH Voltage 


CE= VIL, 
f = 5 MHz, 
lout = 0 mA 


Vcc Active Current 
(Note 5) 


CE = Vin, 
OE = ViL 


Vcc Standby Current 


Parameter; Parameter 

Symbol | Description Test Conditions 
Output HIGH Voltage loH = —400 mA Bey ho eee 
Output LOW Voltage lor = 2.1 mA — pee So 2S 


See ee 
pe | imtoo | es | at 


(Open Outputs) 


Vpp Supply Current CE = OE= Vi, 
(Read) (Note 6) Vpp = Vcc 


eects 
ince 
See 
er 
far 
| CiiDevices | 
| EM Devices | 


LAS LS Ses 
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DC CHARACTERISTICS over operating range unless otherwise specified (Continued) 
CMOS Inputs 


prceradagi Parameter ergs 
ae Description Test Conditions 
| Von | OutputHHIGH Voltage _| lov = -400 A Be ee ees 


a lotr te 
| vin _|inputHiGHVotage | Vo 0.3 Veo 03 | 


meutLow drags PT os Pe 
Input Load Current Vin = 0 V to Vcc ore Devices ———} 10 eS 


Output Leakage Current | Vout = 0 V to Vcc Ci Devices reese PGT carats Eo" 
eromee |] as 


CC1 Vcc Active CE= VIL, C/l Devices 
Current (Note 5) f = 5 MHz, 


Se. =| [= 
(Open Outputs) 


og Vcc ee Current CE =Vcc+0.3V oa Devices eens Gee lacs 
LEMDevices | | 120s 


“ols agence Current = Vit, Vpp = Voc pA 
(Read) (Note 6) 


CAPACITANCE (Notes 2, 3, & 7) 


a 
Symbol | Description Test Conditions 

a Cia oe 
[Gus [CEinputCapactance ——[vw=0V || | 
[cour [Oupuicapaciance ——[ver-ov | 8 | | O 


Notes: 


. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

Typical values are for nominal supply voltages. 

This parameter is only sampled and not 100% tested. 

Caution: The Am27C64 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 
. Iec1 is tested with OE = Vin to simulate open outputs. 

Maximum active power usage is the sum of Icc and Ipp. 

TA = 25°C, f = 1 MHz. 

During transitions, the inputs may overshoot to —2.0 V for periods less than 20 ns. 

Maximum DC voltage on input pins may overshoot to Vcc + 2.0 V for periods less than 20 ns. 


ONAN RON o 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 3, & 4) | 


Parameter 
Symbols 
Standard 
tavav tacc Address to 
Output Delay 
tELav tcE Chip Enable to 


Min. 
Output Delay | OE=Vu | Max.| 55 | 70 | 90 | 120 | 150_ 


a 
vsti = 
| 200 | 250_ 
oa ae Output Enable cl pata ee ese, Sten Se an 
100 | 


Am27C64 


Parameter 
Description 


10 Output Delay| GE= vu [Max] 35 | 0 | #0 | 50 | os | 8 


Output Enable 
HIGH to Output 
Float (Note 2) 


Output Hold 
from Addresses, 
CE, or OE, 
whichever 
occurred first 
Notes: 
1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
2. This parameter is only sampled and not 100% tested. 
3. Caution: The Am27C64 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 
4. For the -55, -70, and -75: 
Output Load: 1 TTL gate and CL = 30 pF, 
Input Rise and Fall Times: 20 ns, 
Input Pulse Levels: 0 to 3 V, 
Timing Measurement Reference Level: 1.5 V for inputs and outputs. 
For all other versions: 
Output Load: 1 TTL gate and CL = 100 pF, 
Input Rise and Fall Times: 20 ns, 
Input Pulse Levels: 0.45 to 2.4 V, 
Timing Measurement Reference Level: 0.8 V and 2 V for inputs and outputs. 
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SWITCHING TEST CIRCUIT 


0D +5 V 


Diodes = IN3064 
or Equivalent 


11419-O005A 


Ci = 100 pF including jig capacitance (30 pF for -55, -70, and -75) 


SWITCHING TEST WAVEFORMS 


2.4V oar ae 3V 
. . . e 
08V Test Points < 08V 1.5 V % + Test Points —> 1.5V 


0.45 V OV 
Input Output Input Output 


11419-006A 


AC Testing: Inputs are driven at 3.0 V for a logic “1” 
and 0 V for a logic “O”. Input pulse rise 
and fall times are < 20 ns for -55, -70, 
and -75 devices. 


AC Testing: Inputs are driven at 2.4 V for a logic “1” 
and 0.45 V for a logic “O”. Input pulse rise 
and fall times are < 20 ns. 
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SWITCHING WAVEFORMS 
Key to Switching Waveforms 


WAVEFORM INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 


Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


2.4 
Addresses 
0.45 


Addresses 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


KS000010 


OE 
oe > 
(Note 1) 
a= ACC 
(Note 1) 
Output 
Notes: eo 11419-007A 
1. OE may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 
2. tpF is specified from OE or CE, whichever occurs first. 
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PROGRAMMING FLOW CHART 


Address = First Location 


Voc = 6.25 V 
Vpp = 12.75 V 


Program One 100 us Pulse 


Interactive 


Section Increment X 


Yes 


Verify Byte 
TS os 


Pass 


Last Address 


Yes 
i Voc Veep =5.25 V 


Verify All 
Bytes 
? 


Increment Address 


Verify Section 


il 
= Device Failed 


Pass 


Figure 1. Flashrite Programming Flow Chart 


11419-008A 
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DC PROGRAMMING CHARACTERISTICS (Ta = +25°C +5°C) (Notes 1, 2, & 3) 


Parameter 
Description Test Conditions 


Input Current (All Inputs) 


Parameter 
| JEDEC | Standard | Description 
oe te | Aas iin ee | ae 
ee ae 
a SS LT a Bes Bae BS 
eS eae Tk a ee ee mn ee eee et 
i aE EA DR 
0 BSS ee eee eee ie a 
Pee | | custanconatettay |e | ol 
5 So Ce Ma 
, 5 St aie 
cess 


i 


& 


BIS 


ek 
pe 
100 
fae 
| PGM Program Pulse Width | 95 | 1085 | 

Gi 


Voo Setup Time 
Data Valid from OE | 100] ns 
Notes: 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

2. When programming the Am27C64, a 0.1 uF capacitor is required across Vpp and ground to suppress spurious voltage 
transients which may damage the device. 

3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 


B 


Am27C64 2-23 


AMD al 


PROGRAMMING ALGORITHM WAVEFORMS (Notes 1 & 2) 


VIN —_————— Program Program Verify 


a 
wee ke 
pe 
Data = eer in Stable pa oe 


Vpp 

Nec +1 +1 
Vcc 

VIH 
CE Vit 


— 


PGM VIL 
Ve —<@— tpw @— {OES eg 
OE Vit 


Notes: 


1. The input timing reference level is 0.8 V for Vit and 2 V for ViH. 
2. toe and tpFP are characteristics of the device, but must be accommodated by the programmer. 
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Am27C128 


16,384 x 8-Bit CMOS EPROM 


DISTINCTIVE CHARACTERISTICS 
@ Fast access time—55 ns 


m@ Low power consumption: 
—100 ,.A maximum standby current 


@ Programming voltage: 12.75 V 
M@ Single +5 -V power supply 


GENERAL DESCRIPTION 


The Am27C128 is a 128K-bit, ultraviolet erasable pro- 
grammabie read-only memory. It is organized as 16,384 
words by 8 bits per word, operates from a single +5-V 
supply, has a static standby mode, and features fast sin- 
gle address location programming. Products are avail- 
able in windowed ceramic DIP and LCC packages, as 
well as plastic one-time programmable (OTP) 
packages. 


Typically, any byte can be accessed in less than 55 ns, 
allowing operation with high-performance microproces- 
sors without any WAIT states. The Am27C128 offers 


BLOCK DIAGRAM 


Ao-Ai13 
Address 
Inputs 


PRODUCT SELECTOR GUIDE 


Family Part No. 


Ordering Part Number 
+5% Vcc Tolerance 


+10% Vcc Tolerance 


Max. Access Time (ns ae. ee 


Publication# 11420 Rev. B Amendment/0 


Issue Date: March 1991 


Output Enable 
amet re assy 


fren alo 


Se 


00 4 a | 200 | 250_ 
E (E) Access (ns) ae eo Be Se ee 
OE (G) Access (ns) ee a a ae a 


Advanced 
Micro 
Devices 


JEDEC-—approved pinout 
+10% power supply tolerance 
Fast Flashrite™ programming 


Latch-up protected to 100 mA from -1 V to 
Vec +1V 


separate Output Enable (OE) and Chip Enable (CE) 
controls, thus eliminating bus contention in a multiple 
bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- . 
sumption is only 100 mW in active mode, and 250 pW in 
standby mode. 


All signals are TTL levels, including programming sig- 
nals. Bit locations may be programmed singly, in blocks, 
or at random. 


Data Outputs 
DOQo-DOy 


Output Buffers 


131,072-Bit 
Cell Matrix 


11420-001A 


Am27C128 
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CONNECTION DIAGRAMS 


Top View 


DIP 


11420-002A 


* Also Available in a 32-pin rectangular plastic leaded chip carrier 


Notes: 


1. JEDEC nomenclature is in parantheses. 
2. Don’t use (DU) for PLCC. 


LOGIC SYMBOL 


PIN DESCRIPTION 


Ao — Ai3 
CE (B) 
DQo — DQ; 
OE (G) 
PGM (P) 
Vcc 
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Address Inputs 

Chip Enable Input 

Data Inputs/Outputs 
Output Enable Input 
Program Enable Input 
Vcc Supply Voltage 
Program Supply Voltage 


= Ground 
= No Internal Connection 


No External Connection 
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LCC* 

a 

ey 

(e) jo. 

= — 

) 85 2) 

a = 

LILI 

1:32 30 
Ag 
Ag 
Ay; 
NC 
OE (G) 
Axo 
CE (E) 
DQ, 

= 

OO. + 

z<888 

N 

2 11420-003A 

= 

11420-004A 
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ORDERING INFORMATION 


Standard Products 


AMD standard products are available in several pares and operating ranges. The order number (Valid Combination) is 


formed by a combination of: 


AM27C128 -55 


pa9o8 


Device Numb 
Speed Option 
Package Type 
Temperature Range 
Optional Processing 


ane 


a. DEVICE NUMBER/DESCRIPTION 


_AM27C128-90_| 
| AM27C128-120_ 
_AM27C128-150_ 
| AM27C128-200 _| 
_AM27C128-255 _ 


Am27C128 


16K x 8-Bit CMOS UV EPROM 


DC, DCB, DI, 


DIB, DE, DEB, 


LC, LCB, LI, 
LIB, LE, LEB, 


9 


. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE 


C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 
E = Extended Commercial (-55 to +125°C) 


PACKAGE TYPE 

D = 28-Pin Ceramic DIP (CDV028) 

L = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLV032) 


. SPEED OPTION 


See Product Selector Guide and 
Valid Combinations 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations. 


Am27C128 


2-27 


AMD \ 


ORDERING INFORMATION 
OTP Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: Device Number 

. Speed Option 

Package Type 

. Temperature Range 

Optional Processing 


a: 


Sen9 op 


AM27C1i28 -90 


. OPTIONAL PROCESSING 
Blank = Standard processing 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40°C to +85°C) 


PACKAGE TYPE 

P = 28-Pin Plastic DIP (PD 028) 

J = 32-Pin Rectangular Plastic Leaded Chip 
Carrier (PL 032) 
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b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C128 
16K x 8-Bit CMOS OTP EPROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations. : 


Valid Combinations 
AM27C128-90 JC, PC, 


AM27C128-120 
AM27C128-150 JC, PC 
AM27C128-200 Ji, Pl 


AM27C128-255 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several aes and operating ranges. APL fe apes 
Products List) products are fully compliant with MIL-STD- See r rede trian he order number (Valid Combination) is formed 
by a combination of: umber 

; s aeaed Option 

Package Type 

. Temperature Range 

Lead Finish 


sap oe: 


AM27C128 -90 /B 


oe 
fo e. LEAD FINISH 


A = Hot Solder Dip 


d. PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CDV028) 
U = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLV032) 


DEVICE CLASS 
/B = Class B 
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b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C128 
16K x 8-Bit CMOS UV EPROM 


Valid Combinations 


|___Valid Combinations epouetions Valid Combinations list configurations planned 
Se oP sen 90 to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 
ae a ability of specific valid combinations, or to check 
on newly released combinations. 


ee 150 /BXA, /BUA 


ee 28-200 
| AM27G128-250 | 28-250 Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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FUNCTIONAL DESCRIPTION 
Erasing the Am27C128 


In order to clear all locations of their programmed con- 
tents, it is necessary to expose the Am27C128 to an ul- 
traviolet light source. A dosage of 15 W seconds/cm? is 
required to completely erase an Am27C128. This dos- 
age can be obtained by exposure to,an ultraviolet 
lamp—wavelength of 2537 Angstroms ( A)—with inten- 
sity of 12,000 pW/cm2 for 15 to 20 minutes. The 
Am27C128 should be directly under and about one inch 
from the source and all filters should be removed from 
the UV light source prior to erasure. 


It is important to note that the Am27C128, and similar 
devices, will erase with Jight sources having wave- 
lengths shorter than 4000 A. Although erasure times will 
be much longer than with UV sources at 2537 A, never- 
theless the exposure to fluorescent light and sunlight will 
eventually erase the Am27C128 and exposure to them 
should be prevented to realize maximum system reli- 
ability. If used in such an environment, the package win- 
dow should be covered by an opaque label or sub- 
stance. 


Programming the Am27C128 


Upon delivery, or after each erasure, the Am27C128 
has all 131,072 bits in the “ONE”, or HIGH state. “ZE- 
ROs’” are loaded into the Am27C 128 through the proce- 
dure of programming. 


The programming mode is entered when 12.75+ 0.25 V 
is applied to the Ver pin, CE is at Vit, and PGM is at Vit. 


For programming, the data to be programmed is applied 
8 bits in parallel to the data output pins. 


The Flashrite programming algorithm (shown in Figure 
1) reduces programming time by using initial 100 pus 
pulses followed by a byte verification to determine 
whether the byte has been successfully programmed. If 
the data does not verify, an additional pulse is applied 
for a maximum of 25 pulses. This process is repeated 
while sequencing through each address of the EPROM. 


The Flashrite programming algorithm programs and 
verifies at Vcc = 6.25 V and Vpp = 12.75 V. After the final 
address is completed, all bytes are compared to the 
Original data with Vcc = Vpp = 5.25 V. 


Program Inhibit 


Programming of multiple Am27C128s in parallel with 
different data is also easily accomplished. Except for 
CE, all like inputs of the parallel Am27C128 may be 
common. A TTL low-level program pulse applied to an 
Am27C128 PGM input with Vep = 12.75 + 0.25 and CE 
LOW will program that Am27C128. A high-level CE in- 
put inhibits the other Am27C128s from being pro- 
grammed. 


AMD cl 


Program Verify 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify should be performed with OE and CE at Vit. PGM 
at Vin, and Vpp between 12.5 V and 13.0 V. 


Auto Select Mode 


The auto select mode allows the reading out of a binary 
code from an EPROM that will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching 
the device to be programmeed with its corresponding 
programming algorithm. This mode is functional in the 
25°C + 5°C ambient temperature range that is required 
when programming the Am27C128. 


To activate this mode, the programming equipment 
must force 12.0 + 0.5 V on address line Ag of the 
Am27C128. Two identifier bytes may then be se- 
quenced from the device outputs by toggling address 
line Ao from Vit to Vin. All other address lines must be 
held at Vi. during auto select mode. 


Byte 0 (Ao = Vi_) represents the manufacturer code, and 
byte 1 (Ao = Vin), the device identifier code. For the 
Am27C128, these two identifier bytes are given in the 
Mode Select table. All identifiers for manufacturer and 
device codes will possess odd parity, with the MSB 
(DQ7) defined as the parity bit. 


Read Mode 


The Am27C128 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. As- 
suming that addresses are stable, address access time 
(tacc) is equal to the delay from CE to output (tce). Data 
is available at the outputs toe after the falling edge of OE, 
assuming that CE has been LOW and addresses have 
been stable for at least tacc—toe. 


Standby Mode 


The Am27C128 has a CMOS standby mode which re- 
duces the maximum Vcc currentto 100 JA. Itis placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27C128 also has a TTL-standby mode which re- 
duces the maximum Vcc current to 1.0 mA. It is placed in 
TTL-standby when CEis at Vin. Whenin standby mode, 
the outputs are in a high-impedance state, independent 
of the OE input. 
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Output OR-Tieing 


To accomodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 
are only active when data is desired from a particular 
memory device. 


Mode Select Table 


Standby (TTL) 


Program Verify aan 
Program Inhibit 


Notes: 

1. Xcan be either Vit or ViH 
2. VH=12.0Vt0.5V 

3. Ai—As = Aio—-Ai2 = VIL 
4. Ais=X 
4 


ae le Ll 
[Output Disable |u| vw | x | xX | xX | veo | Highz 


nae eo eee 
[sanaty nosy | veczoav[ x | x [x | x | veo | Hinz 
ee 
|X a Verh Ber 7 


X 
a a a 


Manufacturer 
Code 


ea ee tere ete 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1 uF ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on EPROM ar- 
rays, a 4.7 uF bulk elecirolytic capacitor should be used 
between Vcc and GND for each eight devices. The loca- 
tion of the capacitor should be close to where the power 
supply is connected to the array. 


high Z 


. See DC Programming Characteristics for Vpp voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Bae aoe e: ee kc Commercial (C) Devices 
roducts 0 + 125° vou 
All Other Products -65 to + 150°C Cae lee wiedaad to 
Ambient Temperature Industrial (I) Devices 
with Power Applied -55 to +125°C Case Temperature (Tc) —40 to +85°C 
Voltage with Respect to Ground: Extended Commercial (E) Devices 
All pins except Ags, Vere, and Case Temperature (Tc) —55 to +125°C 
Vcc (Note 1) —0.6 to Vcc + 0.6 V Military (M) Devices 
Ag and Vpp (Note 2) -0.6 to 13.5 V Case Temperature (Tc) —55 to +125°C 
Vec -0.6t07.0V Supply Read Voltages: 
Stresses above those listed under “Absolute Maximum Rat- Vec/Vep for Am270128—XX5 +4.75 to +9.25 V 
ings” may cause permanent damage to the device. This is a Vcc/Vpp for Am27C128—XX0 +4.50 to +5.50 V 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- Operating ranges define those limits between which the func- 
tional sections of this specification is not implied. Exposure of tionality of the device is guaranteed. 


the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


Notes: 


1. During transitions the inputs may overshoot GND to 
—2.0 V for periods of up to 20 ns. Maximum DC voltage on 


input and I/O may overshoot to Vcc + 2.0 V for periods up 
to 20 ns. 


2. During transitions, Ag and Vpp may overshoot GND to 


—2.0 V for periods of up to 20 ns. Ag and Vpp must not ex- 
ceed 13.5 V for any period of time. 


DC CHARACTERISTICS over operating range unless otherwise specified 
(Notes 1, 4, 5 & 8) 


TTL and NMOS Inputs 
Parameter| Parameter 
Symbol | Description jc amen Conditions 
Even | Output HIGH Voltage Oe ONIN. =—400 mA eee ee 


Tver | ouput Low votege [ian21ma——S~sSCS*~*idS Ct 
a 


input LOW Voltage = 
Iu Input Load Current Vin = 0 V to Vcc C/l Devices Ses eS 
| E/MDevices | | 5.0 


ILo Output Leakage Current | Vout = 0 V to Vcc C/l Devices Bee ba 
TEM Devices | | 10 


loci Vcc Active Current CE=Vu, oe 
(Note 5) f = 5 MHz, mA 
lour = 0 mA E/M Devices 
(Open Outputs) 


age Vec ba eae Current CE = Vin, C/l Devices aries Sec 
ae Vie | EM Devices [=f 0 


vals Supply Current CE = OE = Vi, Vep = Voc 
(Read) (Note.6) 
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DC CHARACTERISTICS over operating range unless otherwise specified (Cont’d.) 
CMOS Inputs 


goemecg Parameter 
etiga Description Test Conditions 
Von | Output HIGH Voltage —_| lon = —400 yA a en ieee ee 


a lennon ene. EM ESIOR Se | oss 
FV _“|inputiGHVoltage foe 03] ec v0.3 |v 


| Mes linottowvote fe Lt os | 


Input Load Current Vin = 0 V to Vcc C/I Devices jo | 
_ EM Devices J | 80. 


aol Vour=0VtoVec | CiDevices | | 10_— 
| EM Devices: fc 10. 
Current (Note 5) f= 5 MHz, 
ee 
(Open Outputs) 


Icc2 ~—- |: Vec Standby Current CE =Vcc+0.3V C/l Devices Coes eS Se 
| EM Devices | | 120 


Vpep Supply Current CE = OE = Vir, Vpp = Voc yA 
(Read) (Note 6) 


CAPACITANCE (Notes 2, 3, & 7) 


Parameter | Parameter 
Symbol | Description Test Conditions Typ. 


| Cw [Address inputCapacitance  |Vw=0V | Tt | 


[ene [OEnpatcepactance _[vm=ov | 8 | | or 
[Gre [CE inpaGapackance |waov |» | | 


[cor [one capactance __|vow=ov dt | | 


Notes: 


Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

Typical values are for nominal supply voltages. 

This parameter is only sampled and not 100% tested. 

Caution: The Am27C128 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 

Icc1 is tested with OE = Vin to simulate open outputs. 

Maximum active power usage is the sum of Icc and Ipp. 

TA = 25°C, f = 1 MHz. 

During transitions, the inputs may overshoot to —2.0 V for periods less than 20 ns. Maximum DC voltage on output pins may 
overshoot to Vcc + 2.0 V for periods less than 20 ns. 


A a. AD UNE ag oh 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 3, & 4) 


Parameter Am27C128 
Symbols Parameter 


JEDEC | Standard] Description 
= 
Output Delay CE=OE= 
: 
Output Delay OE = ViL 
P| = [esas 
to Output Delay | CE = Vit 


tEHQZ, toF Output Enable 
tGHaz HIGH to Output 
Float (Note 2) 
ieoraasee basis Get fies | be oa ee et 
from Addresses, 


nc Beges oe 
Notes: 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
2. This parameter is only sampled and not 100% tested. 
3. Caution: The Am27C128 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 
4. For the -55, -70, and -75: 

Output Load: 1 TTL gate and Ci = 30 pF, 

Input Rise and Fall Times: 20 ns, 

Input Pulse Levels: 0 to 3 V, 

Timing Measurement Reference Level: 1.5 V for inputs and outputs. 
For all other versions: 

Output Load: 1 TTL gate and CL = 100 pF, 

Input Rise and Fall Times: 20 ns, 

Input Pulse Levels: 0.45 to 2.4 V, 

Timing Measurement Reference Level: 0.8 V and 2 V for inputs and saint 


whichever 
occurred first 
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SWITCHING TEST CIRCUIT 


0 +5 V 


Diodes = IN3064 
or Equivalent 


11420-005A 
CL = 100 pF including jig capacitance (30 pF for -55, -70, and -75) 


SWITCHING TEST WAVEFORMS 


2.4V a OY OY 3V 


OV 


0.45 V 
Input Output Input Output 
11420-006A 
AC Testing: Inputs are driven at 2.4 V for a logic “1” AC Testing: Inputs are driven at 3.0 V for a logic “1” 
and 0.45 V for a logic “O”. Input pulse and 0 V for a logic “0”. Input pulse rise and 
rise and fall times are < 20 ns. fall times are < 20 ns for -55, -70, 
and —75 devices. 
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SWITCHING WAVEFORMS 
Key to Switching Waveforms 


WAVEFORM 


INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


KS000010 


2.4 
Addresses 
0.45 


Output 
Notes: 


os 


tOE 
(Note 1) 


11419-007A 


1. OE may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 
2. tDF is specified from OE or CE, whichever occurs first. 
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Address = First Location 


Vpp = 12.75 V 


Program One 100 ps Pulse 


interactive 
Section Increment X 


<> Yes 
No 


Fail 


Verify Byte 
? 
Pass 
No 
Yes 


Voc Vpp = 5.25 V 


Verify Section 
Device Failed 


Pass 


Figure 1. Filashrite Programming Flow Chart 


11420-008A 
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Symbol | Description Test Conditions 
[Input Current (Allinputsy | Viw=VucorVee | 
Input LOW Level (Allinputs) | | 0.8 
RS ee ae ae Es 
aseim: | 
pli 
gees 


| 
low = —400 WA 

we Or oe Sa TE 
ss aa 
| _tpp__| VepSupply Current (Program) | CE=Vu,OE=Vn | 
oan 
a we BT 2 


Flashrite Programming Voltage 


” 
S 
a | 
© 
= 
= 
G) 
U 
=) 
oO 
G) 
wu 
be 
= 
= 
= 
G) 
© 
5 
> 
aU 
> 
QO 
=| 
m 
x 
~ 
© 
” 
> 
il 
+ 
nN 
oO 

oO 
© 
I+ 
Oo 

° 
oO 
2 
2 
@© 
hae 
- 
ue 
& 


Parameter Symbols Parameter 
Standard Description 
Address Setup Time 


OE Setup Time 


eh aes 
Ter rr 
wna eT Te 

Oe. | | me Ouaeeieme ee 
«| = [mee 
pe abot | | tee Dai ee ee 
[toner | ter | ouput Enable to Guput oat belay ——~+| 0 | 100. 
on i [eons 
| tech | tew | ~PGMProgramPulseWidth = | S95 | (108 | 
= | (one 
a lia lan. te 


Notes: 
1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 


2. When programming the Am27C128, a 0.1 y.F capacitor is required across Vpp and ground to suppress spurious voltage 
transients which may damage the device. 


3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 
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PROGRAMMING ALGORITHM WAVEFORMS (NOTES 1 & 2) 


Addresses 


Data 


Vpp 


Vcc 


OE 
Notes: 


ViH 


Vit 


Program 


1. The input timing reference level is 0.8 V for Vit and 2 V for Vin. 
2. toe and torp are characteristics of the device, but must be accommodated by the programmer. 


Program Verify 


11420-009A 
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Am27C256 


32,768 x 8-Bit CMOS EPROM 


DISTINCTIVE CHARACTERISTICS 
™ Fast access time-55 ns 


m@ Low power consumption: 
—100 nA maximum standby current 


@ Programming voltage: 12.75 V 
M@ Single +5 -V power supply 


GENERAL DESCRIPTION 


The Am27C256 is a 128K-bit, ultraviolet erasable pro- 
grammable read-only memory. It is organized as 32, 768 
words by 8 bits per word, operates from a single +5-V 
supply, has a static standby mode, and features fast sin- 
gle address location programming. Products are avail- 
able in windowed ceramic DIP and LCC packages, as 
well as plastic one-time programmable (OTP) 
packages. 


Typically, any byte can be accessed in less than 55 ns, 
allowing operation with high-performance microproces- 
sors without any WAIT states. The Am27C256 offers 


BLOCK DIAGRAM 


Prog Logic 


Ao-Ai4 
Address 
Inputs 


PRODUCT SELECTOR GUIDE 


Family Part No. 


Ordering Part Number 
+5% Vcc Tolerance 


Output Enable 
Chip a we 


Advanced 
Micro 
Devices 


JEDEC-—approved pinout 
+10% power supply tolerance 
Fast Flashrite™ programming 


Latch-up protected to 100 mA from —1 V to 
Vec +1V 


separate Output Enable (OE) and Chip Enable (CE) 
controls, thus eliminating bus contention in a multiple 
bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 250 pW in 
standby mode. 


All signals are TTL levels, including programming sig- 
nals. Bit locations may be programmed singly, in blocks, 
or at random. 


Data Outputs 


Output Buffers 


Y-Gating 


262,144-Bit 


Cell Matrix 


08007-001A 


Am27C256 


+10% Voc Tolerance et Se ta ae 
| Max.AccessTime(ns)__| 55 | 70 | 90 | 100 | ae ees 
| CE(E)Access(ns) Ss | 55 | 70 | 90 | 100 | 120 | 150 | 200 | 250_ 
LOE (G) Access (ns) | 5 40 | a 


Publication# 08007 Rev. F 
issue Date: March 1991 


Amendment/O0 
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CONNECTION DIAGRAMS ~ 
Top View 
DIP LCC* 
a 
2 
Z 
Pe = S Ley < 
SO 
oe ee te | 30 


As Ag 
As Ay 
OE (G) A, Ay; 
As NC 
A, OE (G) 
A, Axo 
Ay CE (E) 
NC DQ, 
DQ, DQ, 
da 
- N Q oO iw) wv w 
08007-002A = 8 S ee 8 8 8 
* Also Available in a 32-pin rectangular plastic leaded chip carrier = 
Notes: < 08007-003A 
1. JEDEC nomenciature is in parantheses. 
2. Don’t use (DU) for PLCC. 
LOGIC SYMBOL 
08007-004A 
PIN DESCRIPTION 
Ao — A14 = Address Inputs 
CE (E) = Chip Enable Input 
DQo-DQ7 = Data Inputs/Outputs 
OE (G) = Output Enable Input 
Vcc = Vcc Supply Voltage 
Vpp = Program Supply Voltage 
GND = Ground 
NC = No Internal Connection 
DU = No External Connection 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option 

d. Temperature Sol a 

e. Optional Processing 


AM27C256 -55 


B 
to e. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 
E = Extended Commercial (-55 to +125°C) 


c. PACKAGE TYPE 
D = 28-Pin Ceramic DIP (CDV028) 
L = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLV032) 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C256 
32K x 8-Bit CMOS UV EPROM 


Valid Combinations Valid Combinations 
s Valid Combinations list configurations planned to be 
Ieee supported in volume for this device. Consult the lo- 
AM27C256-70 cal AMD sales office to confirm availability of specific 
AM27C256-75 valid combinations or to check on newly released 
combinations, and to obtain additional data on 
AMD’s standard military grade products. 


AM27C256-90 DC, DCB, DI, 


AM27C256-100 eis hic wags 
AM27C256-120 LIB, LE, LEB, 
AM27C256-150 

AM27C256-200 

AM27C256-255 
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ORDERING INFORMATION 
OTP Products 
AMD standard products are available in several peekedes and operating ranges. The order number (Valid Combination) is 
formed by a combination of: Device Number 
b: Speed Option 
c. Package Type 
d. Temperature Ran 
e. Optional Processing 
AM27C256 


e. OPTIONAL PROCESSING 
Blank = Standard processing 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (40°C to +85°C) 


c. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 
J = 32-Pin Rectangular Plastic Leaded Chip 
Carrier (PL 032) 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C256 
32K x 8-Bit CMOS OTP EPROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations, and to obtain additional data on 
AMD’s standard military grade products. 


JC, PC, 
Ji, Pl 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several nosnaee and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 
by a combination of: a. Device Number 

Speed Option 

Package Type 

soneere Range 

Lead Finish 


ea0c 


AM27C256 


-90 | oe eee 
to e. LEAD FINISH 

A = Hot Solder Dip 

d. PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CDV028) : 
U = 32-Pin Rectangular Ceramic Leadiess 

Chip Carrier (CLV032) 

. DEVICE CLASS 

/B = Class B 


oO 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C256 
32K x 8-Bit CMOS UV EPROM 


Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 
ability of specific valid combinations, or to check 
on newly released combinations. 


/BXA, [BUA 


Group A Tests 


Group A tests consist of Subgroups 
1,£2,3.-7,8, 9, 10:11. 
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FUNCTIONAL DESCRIPTION 
Erasing the Am27C256 


In order to clear all locations of their programmed con- 
tents, it is necessary to expose the Am27C256 to an ul- 
traviolet light source. A dosage of 15 W seconds/cm? is 
required to completely erase an Am27C256. This dos- 
age can be obtained by exposure to,an ultraviolet 
lamp—wavelength of 2537 Angstroms ( A)—with inten- 
sity of 12,000 uwW/cme2 for 15 to 20 minutes. The 
Am27C256 should be directly under and about one inch 
from the source and all filters should be removed from 
the UV light source prior to erasure. 


It is important to note that the Am27C256, and similar 
devices, will erase with Jight sources having wave- 
lengths shorter than 4000 A. Although erasure times will 
be much longer than with UV sources at 2537 A, never- 
theless the exposure to fluorescent light and sunlight will 
eventually erase the Am27C256 and exposure to them 
should be prevented to realize maximum system reli- 
ability. If used in such an environment, the package win- 
dow should be covered by an opaque label or sub- 
stance. 


Programming the Am27C256 


Upon delivery, or after each erasure, the Am27C256 
has all 262,144 bits in the “ONE”, or HIGH state. “ZE- 
ROs” are loaded into the Am27C256 through the proce- 
dure of programming. 


The programming mode is entered when 12.75+0.25V 
is applied to the Vep pin, OE is at Vin, and CE is at Vi. 


For programming, the data to be programmed is applied 
8 bits in parallel to the data output pins. 


The Flashrite programming algorithm (shown in Figure 
2) reduces programming time by using initial 100 ps 
pulses followed by a byte verification to determine 
whether the byte has been successfully programmed. If 
the data does not verify, an additional pulse is applied 
for a maximum of 25 pulses. This process is repeated 
while sequencing through each address of the OTP 
EPROM. 


The Flashrite programming algorithm programs and 
verifies at Vcc = 6.25 V and Vpp = 12.75 V. After the final 
address is completed, all bytes are compared to the 
original data with Vcc = Vpp = 5.25 V. 


Program Inhibit 


Programming of multiple Am27C256s in parallel with 
different data is also easily accomplished. Except for 
CE, all like inputs of the parallel Am27C256 may be 
common. A TTL low-level program pulse applied to an 
Am27C256 CE input with Vep = 12.75 + 0.25 and OE 
HIGH will program that Am27C256. A high-level CE in- 
put inhibits the other Am27C256s from being pro- 
grammed. 


Program Verify 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify should be performed with OE at Vu, CE at Vin, 
and Vpp between 12.5 V to 13.0 V. 


Auto Select Mode 


The auto select mode allows the reading out of a binary 
code from an EPROM that will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching 
the device to be programmed with its corresponding 
programming algorithm. This mode is functional in the 
25°C + 5°C ambient temperature range that is required 
when programming the Am27C256. 


To activate this mode, the programming equipment 
must force 12.0 + 0.5 V on address line Ao of the 
Am27C256. Two identifier bytes may then be se- 
quenced from the device outputs by toggling address 
line Ao from Vit to Vin. All other address lines must be 
held at Vi during auto select mode. 


Byte 0 (Ao = Vi_) represents the manufacturer code, and 
byte 1 (Ao = Vin), the device identifier code. For the 
Am27C256, these two identifier bytes are given in the 
Mode Select table. All identifiers for manufacturer and 
device codes will possess odd parity, with the MSB 
(DQz7) defined as the parity bit. 


Read Mode 


The Am27C256 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. As- 
suming that addresses are stable, address access time 
(tacc) is equal to the delay from CE to output (tce). Data 
is available at the outputs toe after the falling edge of OE, 
assuming that CE has been LOW and addresses have 
been stable for at least tacc—toe. 


Standby Mode 


The Am27C256 has a CMOS standby mode which re- 
duces the maximum Vcc current to 100 pA. It is placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27C256 also has a TTL-standby mode which re- 
duces the maximum Vcc current to 1.0 mA. Itis placed in 
TTL-standby when CE is at Vin. When in standby mode, 
the outputs are in a high-impedance state, independent 
of the OE input. 
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Output OR-Tieing 


To accomodate multiple memory connections, a two— 
line control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 
are only active when data is desired from a particular 
memory device. 
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System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1 uF ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on EPROM ar- 
rays, a 4.7 pF bulk electrolytic capacitor should be used 
between Vcc and GND for each eight devices. The loca- 
tion of the capacitor should be close to where the power 
supply is connected to the array. 


Mode Select Table 


Vec + 0.3 V 


3 


Read 

Output Disable 
Standby (TTL) 
Standby (CMOS) 
Program 
Program Verify 


Program Inhibit 
yawreetis 


Device Code Vit 


Notes: 

1. Xcan be either Vit or Vin 
2. VH=12.0V+05V 

3. Ai—As = A10-Ai2 = VIL 

4. Ai3 and Ai4 = X 

5 


. See DC Programming Characteristics for Vpp voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature: 

OTP Products —65 to + 125°C 

All Other Products —65 to + 150°C 
Ambient Temperature 
with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 

All pins except Ao, Ver, and 

Vcc (Note 1) —0.6 to Vcc + 0.6 V 
Ag and Vpp (Note 2) —0.6 to 13.5 V 
Vcc —0.6 to 7.0 V 


Stresses above those listed under “Absolute Maximum Rat- 

ings” may cause permanent damage to the device. This is a 

pig rating only; functional operation of the device at these 

Sed other conditions above those indicated in the opera- 

sections of this specification is not implied. Exposure of 

oe device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


Notes: 

1. During transitions the inputs may overshoot GND to 
—2.0 V for periods of up to 20 ns. Maximum DC voltage on 
input and I/O may overshoot to Vcc + 2.0 V for periods up 
to 20 ns. 

2. During transitions, Ag and Vpp may overshoot GND to 


—2.0 V for periods of up to 20 ns. Ag and Vpp must not ex- 
ceed 13.5 V for any period of time. 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) 0 to +70°C 
industrial (I) Devices 

Case Temperature (Tc) —40 to +85°C 
Extended Commercial (E) Devices 

Case Temperature (Tc) —55 to +125°C 
Military (M) Devices 

Case Temperature (Tc) —55 to +125°C 
Supply Read Voltages: 

Vcc/Vpp for Am27C256-XX5 +4.75 to +5.25 V 

Vec/Vep for Am27C256-XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


(Notes 1, 4, 5 & 8) 
TTL and NMOS Inputs 


Input LOW Voltage 


| Input Load Current 


Ga 


CE = VIL, 
f = 5 MHz, 
lout =OmMA 


lec2 Vcc Standby Current CE = Vin, 
OE = Vit 


Fcoatlisiigl Parameter 
a Description Test Conditions 
| Von — | Output HIGH Voltage loH = —400 mA 


Eee 
me ene eee 
= a7" ae glia 


Vin = 0 V to Voc 


Output Leakage Current | Vout = 0 V to Vcc 


Vcc Active Current 
(Note 5) 


(Open Outputs) 


Vep Supply Current CE = OE = Vi, Vpp = Voc 
(Read) (Note 6) 


mane ee 
| E/MDevies | | 5.0 | 

Poem CO te 
TEM Devices | | 10 


C/l Devices 


ee 
eo 3 ee 
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DC CHARACTERISTICS over operating range unless otherwise specified (Continued) 
CMOS Inputs 


Se ee ee 
rae Pepe a Test Conditions 

| Vou | Output HIGH Voltage HIGH Voltage loH = —400 Pe aaa 8 Ba | cote pees 
ne lot ae 
| Vin__|inputHiGHVotage | Cd cc - 0.3] ec 03] V 


foi vetage {| ___|_op |g |v _ 


Input Load Current Vin = 0 V to Vcc fs Devices wees ee Site pA 
| E/M Devices | | 5.0 


one |e a 
ates || 
cct Vcc Active CE = VIL, GA Devices: Devices 
Current (Note 5) f = 5 MHz, 
(Open Outputs) 


— b antan uae Current CE =Vcc+0.3V C/I Devices a 
| EMoDevices | | 120 


‘elle ata ec Current = Vii, Ver = Voc pA 
(Read) (Note 6) 


CAPACITANCE (Notes 2, 3, & 7) 


Parameter | Parameter 
Symbol | Description Test Conditions 
Adress Input Capacance 


eee ea a 
[One [CE nputGapactance__|vw-0v_——S~d | 


[cour [Oupucwractance __[vor-ov +t * | @ | 


Notes: 


. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

. Typical values are for nominal supply voltages. 

This parameter is only sampled and not 100% tested. 

Caution: The Am27C256 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 

Icc1 is tested with OE = Vix to simulate open outputs. 

Maximum active power usage is the sum of Icc and Ipp. 

TA = 25°C, f = 1 MHz. 

During transitions, the inputs may overshoot to -2.0 V for periods less than 20 ns. Maximum DC voltage on output pins may 
overshoot to Vcc + 2.0 V for periods less than 20 ns. 


ONOAPL ON = 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
Parameter 


(Notes 1, 3, & 4) 
Symbols -70 

eee a] || 
al a ee 

Output Delay = OF = Vit EEE 
hd aE Se 

Output Delay | OE [Max.| 55 | 70 | 90 | 120 | 150 | 200 | 250 | 
PL teeselan ltebetebetetwta 

to Output Delay | TE= vu [Max | 35 | 40 | 40 | 60 | 65 | 7 | 100 


Output Enable Gees Vice Pe Fa Oe 
HIGH to Output 
Float (Note 2) 

Se 
from Addresses, 


: : a BES Saoer 
Notes: 


whichever 
occurred first 
1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
2. This parameter is only sampled and not 100% tested. 
3. Caution: The Am27C256 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 
4. For the -55, -70, and -75: 
Output Load: 1 TTL gate and Ci = 30 pF, 
Input Rise and Fall Times: 20 ns, 
Input Pulse Levels: 0 to 3 V, 
Timing Measurement Reference Level: 1.5 V for inputs and outputs. 
For all other versions: 
Output Load: 1 TTL gate and Ci = 100 pF, 
Input Rise and Fall Times: 20 ns, 
Input Pulse Levels: 0.45 to 2.4 V, 
Timing Measurement Reference Level: 0.8 V and 2 V for inputs and outputs. 
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SWITCHING TEST CIRCUIT 


Diodes = IN3064 
or Equivalent 


08007-005A 
Ci = 100 pF including jig capacitance (30 pF for -55, —70, and —75) 


SWITCHING TEST WAVEFORMS 


2.4V 3V 
2.0 V : 2.0 V : 
08V > Test Points << 08V 1.5 V *% = Test Points -> 1.5V 


0.45 V OV 
Input Output Input Output 
08007-006A 


AC Testing: Inputs are driven at 2.4 V for a logic “1” and AC Testing: Inputs are driven at 3.0 V for a logic “1” 
0.45 V for a logic “0”. Input pulse rise and fall and 0 V for a logic “O”. input pulse rise and 
fall times are < 20 ns for -55, 


times are < 20 ns. 
-—70, and —75 devices. 
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SWITCHING WAVEFORMS 


Key to Switching Waveforms 


2.4 
Addresses 
0.45 


Output 
Notes: 


WAVEFORM 


SB re 


cc 
(Note 1) 


INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


Addresses 


a 


tOE 
(Note 1) 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


1. OE may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 


2. toF is specified from OE or CE, whichever occurs first. 


KS000010 


08007-007A 
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Address = First Location 


Vcc = 6.25 V 
Vpp = 12.75 V 


Program One 100 is Pulse 


Interactive 
Sci 


S Yes 
No 


Fail 
Verify Byte 
? 
Pass 
No 
increment Address Last Address 
Yes 


Vcc Vpp = 5.25 V 


Verify Section 


Verify All 
Bytes 
? 


Device Failed 


Pass 


Figure 1. Flashrite Programming Flow Chart 


08007-008A 
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DC PROGRAMMING CHARACTERISTICS (Ta = +25°C +5°C) (Notes 1, 2, & 3) 


Parameter 
Symbol 


Input HIGH Level 


Output LOW Voltage During Verify 
Output HIGH Voltage During Verify 


Ag Auto Select Voltage 
Vcc Supply Current (Program & Verify) 


Pa 


rameter 
|  JEDEC | Standard | Description 


OE Setup Time 


Address Hold Time 


= 
aoe ee 
os bem 
| tcax ee ee Sees 
ome | te | ae 
tee | 0 | 100 
ee eee” 
8 | 108 
=. Sy ee 
ee 


| tore __| Output Enableto Output Float Delay 
[ts | ts | VeSeupTime 

[ew | CEProgramPuse Wath 
Notes: 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

2. When programming the Am27C256, a 0.1 uF capacitor is required across Vpp and ground to suppress spurious voltage 
transients which may damage the device. 

3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 
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PROGRAMMING ALGORITHM WAVEFORMS (Notes 1 & 2) 


Vin Shen Pram Program Verify 


Addresses Ve 


; 
A 


“ an eee a: = 


Vpp 
Vcc 
Vcc + ] NES 
Vcc 
Vcc 
tvcs 
ViH 


CE Vit 
VIH 
OE Vit 
Notes: 08007-009A 


1. The input timing reference level is 0.8 V for Vit and 2 V for Vin. 
2. toe and toFrP are characteristics of the device, but must be accommodated by the programmer. 
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Am27H256 


32,768 x 8-Bit High Speed CMOS EPROM 


DISTINCTIVE CHARACTERISTICS 
@ Industry's fastest 
-35ns 256K-bit CMOS EPROM 
@ Pin compatible with Am27C256 
@ High speed Flashrite™ programming 
-Typically less than 5 seconds 


GENERAL DESCRIPTION 


The Am27H256 is an ultra-high speed 256K-bit CMOS 
UV EPROM. It utilizes the standard JEDEC pinout mak- 
ing it functionally compatible with the Am27C256, but with 
significantly faster access capability. This superior ran- 
dom access capability results from a focused high-speed 
design implemented with AMD's advanced CMOS proc- 
ess technology. This offers users bipolar speeds with 
higher density, lower cost and proven reliability. 


This device is ideal for use with the fastest processors. At 
35ns, the Am27H256 completely eliminates perform- 
ance-draining wait states without using bank-interleaving 
and caching techniques. Designers may take full advan- 


BLOCK DIAGRAM 
o—r GND 
OUTPUT ENABLE 
CHIP ENABLE 
AND 
PROG LOGIC 
ReouER 

Ag-A14 
ADDRESS 
INPUTS 


Publication# 14944 Rev. B Amendment 
Issue Date: March 1901 


DECODER ; 


Advanced 
Micro 
Devices 


& Versions available in industrial and military 
temperature ranges 


1 + 10% power supply tolerance available 


tage of high speed digital signal processors and micro- 
processors by allowing code to be executed at full 
speed directly out of EPROM. Typical applications 
include laser printers, switching networks, graphics, 
workstations and digital signal processing. 


The Am27H256 supports AMD's Flashrite program- 
ming algorithm which allows the entire chip to be pro- 
grammed in typically less than 5 seconds. 


It is available in DIP as well as surface mount packages 
and is offered in commercial, industrial, and extended 
temperature ranges. 


DATA OUTPUTS 


ee rn, 


OUTPUT 
BUFFERS 


¥ 
GATING 


262,144-BIT 
CELL MATRIX 


14944-001A 
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PRODUCT SELECTOR GUIDE 


Ordering Part No: 
Veg + 5% 


Veg + 10% 
CE (E) Access Time (ns) 


OE (G) Access Time (ns 


CONNECTION DIAGRAMS 


Top View 
DIPs LCC* 
5 
“ oc ~ + 
oe ey > > 8 < <= 
al Fog asl OFF ice BS cet ES 
2 1 32 30 
As Ag 
As Ayy 
A NC 
Ay OE (G) 
A, Ato 
Ao CE (€) 
NC DQ, 
i OQ, 
AO 
14944-002A ry 14944-003A 
Notes: 
1. JEDEC nomenciature is in parentheses. * Also available in 32-pin rectangular plastic leaded chip 
2. Don’t Use (DU) for PLCC. carrier 
PIN DESCRIPTION LOGIC SYMBOL 


A,-A,, = Address Inputs 
CE(E) = Chip Enable Input 
DQ,- DQ, = Data Inputs/Outputs 
OE(G) = Output Enable Input 
Voc = Vo, Supply Voltage 
Vpp = Program Supply Voltage 
GND = Ground 
NC = No Internal Connection 


14944-004A 
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ORDERING INFORMATION 
Standard Information 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 


b. Speed Option 
c. Package Type 


d. Temperature Range 
e. Optional Processing 


AM27H256 -35 DC 8B 
aes e. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 


C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 
E = Extended Commercial (-55 to +125°C) 


c. PACKAGE TYPE 


D = 28-Pin Ceramic DIP (CDV028) 
L = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLV032) 


b. SPEED OPTION 


See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 


Am27H256 
32K x 8-Bit High Speed CMOS UV EPROM 


Valid Combinations 
AM27H256-35 DC, DCB, DI, DIB, 
AM27H256-35V05_ | LC, LI, LCB, LIB 
AM27H256-45 DC. DCB, DE, 
AM27H256-55 DEB, DI, DIB, LC, 
AM27H256-70 LCB, Li, LIB, LE, LEB 


Valid Combinations 
Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the 
local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations. 
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ORDERING INFORMATION (Cont’d.) 
OTP Products (Preliminary) Vre Products pricey) 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM27H256 -45 P C 


: 


e. OPTIONAL PROCESSING 
Blank = Standard processing 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


c. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 


J = 32-Pin Rectangular Plastic Leaded Chip Carrier 
(PL 032) 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27H256 
32K x 8-Bit High Speed CMOS OTP EPROM 


Valid Combinations 
Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the 
local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations. 


PC, JC 
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ORDERING INFORMATION (Cont’d.) 
APL Products 


APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 
by a combination of: a. Device Number 


b. Speed Option 
c. Device Class 
d. Package Type 
e. Lead Finish 


AM27H256 45 /B X 
e. LEAD FINISH 


A = Hot Solder Dip 


d. PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CDV028) 
U = 32-Pin Rectangular Ceramic Leadless Chip Carrier (CLV032) 


c. DEVICE CLASS 
/B = Class B 


b. SPEED OPTION 


See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 


Am27H256 
32K x 8-Bit High Speed CMOS UV EPROM 


Valid Combinations 
Valid Combinations list configurations planned 
Valid Combinations to be supported in volume for this device. Consult 

AM27H256-45 the local AMD sales office to confirm availability 

of specific valid combinations or to check for 
AM27H2S56-55 (BXA, (BUA newly released valid combinations. 
AM27H256-70 

Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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FUNCTIONAL DESCRIPTION 


Erasing the Am27H256 


In order to clear all locations of their programmed con- 
tents, it is necessary to expose the Am27H256 to an 
ultraviolet light source. A dosage of 15 W seconds/cm? 
is required to completely erase an Am27H256. This 
dosage can be obtained by exposure to an ultraviolet 
lamp—wavelength of 2537 Angstroms (A)—with inten- 
sity of 12,000 uW/cm®* for 15 to 20 minutes. The 
Am27H256 should be directly under and about one inch 
from the source and all filters should be removed from 
the UV light source prior to erasure. 


It is important to note that the Am27H256, and similar 
devices, will erase with light sources having wave- 
lengths shorter than 4000 A. Although erasure times will 
be much longer than with UV sources at 2537 A, never- 
theless the exposure to fluorescent light and sunlight will 
eventually erase the Am27H256 and exposure to them 
should be prevented to realize maximum system reliabil- 
ity. If used in such an environment, the package window 
should be covered by an opaque label or substance. 


Programming the Am27H256 


Upon delivery, or after each erasure, the Am27H256 has 
all bits in the “ONE”, or HIGH state. “ZEROs” are loaded 
into the Am27H256 through the procedure of program- 
ming. 


The programming mode is entered when 12.75 + 0.25 V 
is applied to the V,,, pin, CEis at V,, and OE is at V,,,. For 
programming, the data to be programmed is applied 8 
bits in parallel to the data input/output pins. 


The Flashrite programming algorithm reduces program- 
ming time by using initial 100 ps pulses followed by a 
byte verification to determine whether the byte has been 
successfully programmed. If the data does not verify, an 
additional pulse is applied for a maximum of 25 pulses. 
This process is repeated while sequencing through each 
address of the EPROM. 


The Flashrite programming algorithm programs and 
verifies at V.. = 6.25 V and V,, = 12.75 V. After the final 
address is completed, all bytes are compared to the 
original data with V.. = V,, = 5.25 V. 


Program Inhibit 


Programming of multiple Am27H256s _in parallel with 
different data is also easily accomplished. Except for 
CE, all like inputs of the parallel Am27H256 may be 
common. A TTL low-level program pulse applied to an 
Am27H256 CE input with V,, = 12.75 + 0.25 V and OE 
HIGH will program that Am27H256. A high-level CE 
input inhibits the other Am27H256 from being pro- 
grammed. 


Program Verify 

A verify should be performed on the programmed bits to 
determine that they were coerae programmed. The 
verify should be performed with OE at V,, CE at V,, and 
Vp, between 12.5 V to 13.0 V. 
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Auto Select Mode 


The auto select mode allows the reading out of a binary 
code from an EPROM that will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching the 
device to be programmed with its corresponding pro- 
gramming algorithm. This mode is functional in the 25°C 
+ 5°C ambient temperature range that is required when 
programming the Am27H256. 


To activate this mode, the programming equipment must 
force 12.0+ 0.5 V on address line A, of the Am27H256. 
Two identifier bytes may then be sequenced from the 
device outputs by toggling address line A, from V, to V.,.. 
All other address lines must be held at V, during auto 
select mode. 


Byte 0 (A, = V,,) represents the manufacturer code, and 
byte 1(A, = V,,), the device identifier code. For the 
Am27H256, these two identifier bytes are given in the 
Mode Select table. All identifiers for manufacturer and 
device codes will possess odd parity, with the MSB (DQ_) 
defined as the parity bit. 


Read Mode 


The Am27H256 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Assuming that 
addresses are stable, address access time (t,.,,.) is equal 
to the delay from CE to output (t,,). Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. Data is 


available at the outputs t,, after the falling edge of OE, 


assuming that CE has been LOW and addresses have 
been stable for at least t,.— to. 


Standby Mode 


The Am27H256 has a standby mode which reduces the 
maximum V,,, current to 50% of the active current. It is 
placed in standby mode when CE is at V,,,. The amount 
of current drawn in standby mode depends on the 
frequency and the number of address pins switching. 
The Am27H256 is specified with 50% of the address 
lines toggling at 10 MHz. A reduction of the frequency or 
quantity of address lines toggling will significantly reduce 
the actual standby current. 


Output OR-Tieing 
To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 


2. Assurance that output bus contention will not 
occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
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their low-power standby mode and that the output pins 
are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the 
output capacitance loading of the device. At a mini- 


MODE SELECT TABLE 


Pine 


Output Disable 
Standby 


ae 985 


Notes: 

% Vi =12.0V+0.5V 

2. X = Either Vor V,, 

3. A, -A, si A,.- Ay, = Viv 


fod 


Program Verify V 
Program Inhibit V 


<|< 


mum, a 0.1-F ceramic capacitor (high frequency, low 
inherent inductance) should be used on each device 
between V_.,. and GND to minimize transient effects. In 
addition, to overcome the voltage drop caused by the 
inductive effects of the printed circuit board traces on 
EPROM arrays, a 4.7-uF bulk electrolytic capacitor 
should be used between V,,, and GND for each eight 
devices. The location of the capacitor should be close to 
where the power supply is connected to the array. 


Se aeeaan ane 


i 
<i< |< 


oO 


OUT 


<j;<i< < 


< 


4. See DC Programming Characteristics for V,,, voltage during programming. 
5. The Am27H256 uses the same Flashrite algorithm during program as the Am27C256. 


Am27H256 2-61 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
OTP product —65 to 125°C 
All other products —65 to 150°C 
Ambient Temperature 
with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 
All pins except A,, V,,, and . 
Veo -0.6 to V,,, +0.5 V 
A, and V,, —0.6 to 13.5 V 
PR -—0.6 to 7.0 V 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. This 
is a stress rating only; functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. 
Exposure of the device to absolute maximum rating 
conditions for extended periods may affect device reliability. 


Notes: 

1. Minimum DC voltage on inputor I/O is—0.5 V. During tran- 
sitions, the inputs may overshoot GND to -2.0V for per- 
iods of up to 10 ns. Maximum DC voltage on input and 
VO is V.,, +0.5 V which may overshoot to V_. +2.0 V for 
periods up to 20 ns. ) 


2. ForA, and V,, the minimum DC input is —0.5 V. During 
transitions, A, and V,, may overshoot GND to —2.0 V for 
periods of upto 10 ns. A, and V,,, must not exceed 13.5 
V for any period of time. 
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OPERATING RANGES 
Commercial (C) Devices 

Case Temperature (T,) 0 to +70°C 
Industrial (1) Devices 

Case Temperature (T,) —40 to +85°C 
Extended Commercial (E) Devices 

Case Temperature (T,) —55 to +125°C 
Military (M) Devices 

Case Temperature (T,) -—55 to +125°C 
Supply Read Voltages: 

Vog for AM27H256-XXV05 +4.75 to + 5.25 V 

Vog for AM27H256-XX +4.50 to +5.50 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating range unless otherwise specified. (Notes 1, 4,5, & 8) (for APL 
Products, Group A, Subgroups 1, 2, 3, 7, and 8 are tested unless otherwise noted) 


Parameter Parameter 
Symbol Description Test Conditions 


V 


[Va | Ovputowvotase | stm 
vy | mown Votage We) 
T—¥%. | mputtow votane wow) | 
Input Load Current 
Output Leakage Current 


Vig Active Current (Note 5) l 


out = OmA 
(Open Outputs) V/E/M Devices 


CE=V 
re VE/M Devices 


CE = OF = V,, Ven = Voc 


Parameter CDV028 CLV032 
Symbol Typ. 
7 
7 


a 
oe 
Se ee 


Notes: 

. Vo¢ must be applied simultaneously or before V_,, and removed simultaneously or after V,,. 

. Typical values are for nominal supply voltages. 

. This parameter is only sampled, not 100% tested. 

. Caution: the Am27H256 must not be removed from (or inserted into) a socket when V_, or V,, is applied. 

. Io, is tested with OE = V,, to simulate open outputs. 

Maximum active power usage is the sum of I... and I,,. 

. T,= 425°C, f= 1 MHz. 

. Minimum DC Input Voltage is —-0.5 V. During transitions, the inputs may overshoot to —2.0 V for periods less 


than 10 ns. Maximum DC Voltage on output pins is V_. +0.5 V which may overshoot to V_,. +2.0 V for periods 
less than10 ns. 


9. Tested under static DC conditions. 


ONOnNhWHh = 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified (Notes 
1, 3, & 4) (for APL Products, Group A, Subgroups 9, 10, and 11 are specified unless 
otherwise noted) 


Parameter a ces a 
Symbols 
Parameter Test -35, {a {a 
EDECBtandard | Description eg Bi ging? 
og He Address to Output Delay |CE=OE=V,, 
Chip Enable to Output 
Delay 


omens Output Enable to 
Output Delay 
Chip Enable HIGH or 
hie Output Enable HIGH, 
(Note 2) | Whichever Comes 
First, to Output Float 
Output Hold from 
Addresses, CE, or OE, 
Whichever Occured First 


Notes: 
1. V., must be applied simultaneously or before V,,, and removed simultaneously or after V,,. 


2. This parameter is only sampled, not 100% tested. 
3. Caution: The Am27H256 must not be removed from (or inserted into) a socket or board when Veo or V.. is applied. 
4. Output Load: 1 TTL gate and C = C, 

Input Rise and Fall Times: 5 ns 

Input Pulse Levels: 0 to 3 V 

Timing Measurement Reference Level — 1.5 V for inputs and outputs 


SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM 
3V 
: = s 
L 
de Input Output 
= 1212 P 
on Ri 
Vi = 1.9V 
a 300F AC Testing: Inputs are driven at 3.0 V for a logic "1" 
Cy = SUP and 0 V for a logic "0". Input pulse rise 
Cio = 5pF and fall times are <5 ns. 
12750-004A 12750-005A 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


SWITCHING WAVEFORMS 


3V 
Addresses 
OV 


@—1.5V 


High-Z 
Output 


Notes: 


INPUTS 


Must Be 
Steady 


May 
Change 
from H to L 


May 


Change 
from Lto H 


Don’t Care 
Any Change 
Permitted 


Does Not 
Apply 


Addresses Valid 


cE 


log 
tacc 
(Note 1) 


(TOT 
BRERE 


OUTPUTS 


Will Be 
Steady 


Will Be 
Changing 
from H to L 


Will Be 
Changing 
from L to H 


Changing 
State 
Unknown 


Center 
Line is High 
Impedance 


“Off” State KS000010 


1.5V 


tou 


Valid Output 


High-Z 


12750-006A 


1. OE may be delayed up to toc” toe after the falling edge of CE without impact on poh 
2. t,, is specified from OE or CE, whichever occurs first. 


Am27H256 
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Am27C512 


65,536 x 8-Bit CMOS EPROM 


DISTINCTIVE CHARACTERISTICS 
™ Fast access time—70ns 


@ Low power consumption: 
—100 ,.A maximum standby current 


@ Programming voltage: 12.75 V 
@ Single +5 -V power supply 


GENERAL DESCRIPTION 


The Am27C512 is a 512K-bit, ultraviolet erasable pro- 
grammable read-only memory. It is organized as 65,536 
words by 8 bits per word, operates from a single +5-V 
supply, has a static standby mode, and features fast sin- 
gle address location programming. Products are avail- 
able in windowed ceramic DIP and LCC packages, as 
well as plastic one-time programmable (OTP) pack- 
ages. 


Typically, any byte can be accessed in less than 70 ns, 
allowing operation with high-performance microproces- 
sors without any WAIT states. The Am27C512 offers 


Advanced 
Micro 
Devices 


JEDEC—approved pinout 
+10% power supply tolerance 
Fast Flashrite™ programming 


Latch-up protected to 100 mA from -1 V to 
Vec +1 V 


separate Output Enable (OE) and Chip Enable (CE) 
controls, thus eliminating bus contention in a multiple 
bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 250 pW in 
standby mode. 


All signals are TTL levels, including programming sig- 
nals. Bit locations may be programmed singly, in blocks, 
or at random. 


BLOCK DIAGRAM 


Output Enable 
Chip Enable 
and 


Prog Logic 


Data — 


524 288-Bit 
Cell Matrix 


08140-001A 


PRODUCT SELECTOR GUIDE 


Family Part No. 


Ordering Part Number 
+5% Vcc Tolerance 


+10% Vcc Tolerance 


cen a ees ae 
a 
| Max. AccessTime(ns)__ | 70 | 90 | 120 | 150 | 200 | 250 | 


(E) Access (ns) |_70 90. | 420 | 150 | 200-60 
OE (G) Access (ns) a A ee ee ee 


Am27C512 


Publication# 08140 Rev. F Amendmenvo 


Issue Date: March 1991 
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CONNECTION DIAGRAMS 
Top View 
DIP LCC* 
a 
Vcc 2 
A14 2 
. 22 oh 22 
Ai3 q<qdatdqa2zo><actc 
As SO 
cs 2 +k 30 
Ag A, )_]§ A, 
Ait As ) |6 Ag 
OE/Vpp (G/Vpp) oF Ai 
Aio A3 ) | NC 
CE (E) A2 Y_}s OEWVpp (GVpp) 
pa, A, ) ]10 Ai 
Ay J J" CE €) 
DQs NC ) 12 DQ, 
— DQ, J]: 2X Da, 
: x fa 
DQs - NOQ ¢ 2 + 
08140-002A 8882888 
* Also Available in a 32-pin rectangular plastic leaded chip carrier 2 08140-003A 
apie < 
JEDEC nomenwees is in parantheses. 
2 Don’t use (DU) for PLCC. 
LOGIC SYMBOL 
08 140-004A 
PIN DESCRIPTION 


Ao — Ais = Address Inputs 

CE (B) = Chip Enable Input 
DQo-DQ7 = Data Inputs/Outputs 
OE (G) = Output Enable Input 


Vcc = Vcc Supply Voltage 
Vpp = Program Supply Voltage 
GND = Ground 

NC = No Internal Connection 
DU = No External Connection 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several panaes and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. vice Number 


. Speed Option 
y 


c 
d. Temperature Range 
a 


os 


or 


AM27C512 -75 


. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (—40 to +85°C) 
E = Extended Commercial (—55 to +125°C) 


PACKAGE TYPE 

D = 28-Pin Ceramic DIP (CDV028) 

L = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLV032) 


9 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C512 
64K x 8-Bit CMOS UV EPROM 


DC, DCB, DI, DIB, 
LC, LCB, LI, LIB 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations. 


AM27C512-120 | ~ DC, DCB, DI, 
AM27C512-150 re — 
AM27C512-200 LIB, LE, LEB 


AM27C512-255 
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ORDERING INFORMATION 
OTP Products 
AMD standard products are available in several —— and operating ranges. The order number (Valid Combination) is 
formed by a combination of: Device Number 
. Speed Option 
Package Type 


b. 
c. 
d 
e. 


. Temperature Range 
Optional Processing 


AM27C512 


e. OPTIONAL PROCESSING 
Blank = Standard processing 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 


c. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 
J = 32-Pin Rectangular Plastic Leaded Chip 
Carrier (PL 032) 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C512 
64K x 8-Bit CMOS OTP EPROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations. 


JC, PC, 
nha 
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MILITARY ORDERING INFORMATION 

APL Products 

AMD products for Aerospace and Defense applications are available in several packages and coer onus fhe (Approved 
mbina 


Products List) products are fully compliant with MIL-STD-883C ee. e order number (Val ion) is formed 
by a combination of: a. Device Number 


b. 
“ Package Type 
e. 


AM27C512 -120 


A 
os e. LEAD FINISH 


A = Hot Solder Dip 


d. PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CDV028) 
U = 32-Pin Rectangular Ceramic Leadiess 
Chip Carrier (CLV032) 


. DEVICE CLASS 
/B = Class B 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C512 
64K x 8-Bit CMOS UV EPROM 


Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 
ability of specific valid combinations, or to check 
on newly released combinations. 


Valid Combinations 
AM27C512-120 
AM27C512-150 
/BXA, /BUA 
AM27C512-200 
AM27C512-250 


Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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FUNCTIONAL DESCRIPTION 
Erasing the Am27C512 


In order to clear all locations of their programmed con- 
tents, it is necessary to expose the Am27C512 to an ul- 
traviolet light source. A dosage of 15 W seconds/cm? is 
required to completely erase an Am27C512. This dos- 
age can be obtained by exposure to,an ultraviolet 
lamp—wavelength of 2537 Angstroms ( A)—with inten- 
sity of 12,000 pW/cm? for 15 to 20 minutes. The 
Am27C512 should be directly under and about one inch 
from the source and all filters should be removed from 
the UV light source prior to erasure. 


It is important to note that the Am27C512, and similar 
devices, will erase with Jight sources having wave- 
lengths shorter than 4000 A. Although erasure times will 
be much longer than with UV sources at 2537 A, never- 
theless the exposure to fluorescent light and sunlight will 
eventually erase the Am27C512 and exposure to them 
should be prevented to realize maximum system reli- 
ability. If used in such an environment, the package win- 
dow should be covered by an opaque label or sub- 
stance. 


Programming the Am27C512 


Upon delivery, or after each erasure, the Am27C512 
has all 524,288 bits in the “ONE”, or HIGH state. “ZE- 
ROs” are loaded into the Am27C512 through the proce- 
dure of programming. 


The Oe. BER is entered when 12.75+0.25V 
is applied to the OE/Vpr pin, and CE is at Vi. 


For programming, the data to be programmed is applied 
8 bits in parallel to the data output pins. 


The Flashrite programming algorithm (shown in Figure 
1) reduces programming time by using initial 100 us 
pulses followed by a byte verification to determine 
whether the byte has been successfully programmed. If 
the data does not verify, an additional pulse is applied 
for a maximum of 25 pulses. This process is repeated 
while sequencing through each address of the EPROM. 


The Flashrite programming algorithm programs and 
verifies at Vcc = 6.25 V and Vpp = 12.75 V. After the final 
address is completed, all bytes are compared to the 
original data with Vcc = Vpp = 5.25 V. 


Program Inhibit 


Programming of multiple Am27C512s in parallel with 
different data is also easily accomplished. Except for 
CE, all like inputs of the parallel Am27C512 including 
OE/Vpp may be common. A TTL low-level program 
pulse applied to an Am27C512 CE input with OE/Vpp = 
12.75 + 0.25 V will program that Am27C512. A high- 
level CE input inhibits the other Am27C512s from being 
programmed. 


Program Verify 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify should be performed with OE/Vpp and CE at Vi. 
Data should be verified tov after the falling edge of CE. 


Auto Select Mode 


The auto select mode allows the reading out of a binary 
code from an EPROM that will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching 
the device to be programmeed with its corresponding 
programming algorithm. This mode is functional in the 
25°C + 5°C ambient temperature range that is required 
when programming the Am27C512. 


To activate this mode, the programming equipment 
must force 12.0 +t 0.5 V on address line Ao of the 
Am27C512. Two identifier bytes may then be se- 
quenced from the device outputs by toggling address 
line Ao from Vit to Vin, All other address lines must be 
held at Vi. during auto select mode. 


Byte 0 (Ao = Vi_) represents the manufacturer code, and 
byte 1 (Ao = Vin), the device identifier code. For the 
Am27C512, these two identifier bytes are given in the 
Mode Select table. All identifiers for manufacturer and 
device codes will possess odd parity, with the MSB 
(DQ7) defined as the parity bit. 


Read Mode 


The Am27C512 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. As- 
suming that addresses are stable, address access time 
(tacc) is equal to the delay from CE to output (tce). Data 
is available at the outputs tOE after the falling edge of 
OE, assuming that CE has been LOW and addresses 
have been stable for at least tacc—toe. 


Standby Mode 


The Am27C512 has a CMOS standby mode which re- 
duces the maximum Vcc currentto 100 pA. Itis placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27C512 also has a TTL-standby mode which re- 
duces the maximum Vcc current to 1.0 mA. Itis placed in 
TTL—standby when CE is at Vin. When in standby mode, 
the outputs are in a high-impedance state, independent 
of the OE input. . 
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Output OR-Tieing 


To accomodate multiple memory connections, a two— 
line control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 
are only active when data is desired from a particular 
memory device. 


Mode Select Table 


eee es 


Standby (TTL) 


Program Verify 
Program Inhibit 


Auto 
Select 
(Note 3) 


Notes: 

1. Xcan be either Vit or Vin 
2. VH=12.0Vt05V 

3. Ai—As = Aio-Ai5 = VIL 


ae eee ere ee eee 


eames [ee 
[standby Mos) | veczoav | x : 


Va] ve ee 


Manufacturer 01H 
pea aka A ES 
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System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put Capacitance loading of the device. At a minimum, a 
0.1 .F ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on EPROM ar- 
rays, a 4.7 uF bulk electrolytic capacitor should be used 
between Vcc and GND for each eight devices. The loca- 
tion of the capacitor should be close to where the power 
supply is connected to the array. 


Ged ee 


4. See DC Programming Characteristics for Vpp voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Lon petra LN pie tot Commercial (C) Devices 
ucis 0 + 6 ° 
All Other Products 65 to + 150°C Case Temperature (Tc) 0 to +70°C 
Ambient Temperature Industrial (1) Devices 
with Power Applied -55 to +125°C Case Temperature (Tc) —40 to +85°C 
Voltage with Respect to Ground: Extended Commercial (E) Devices 
All pins except Ag, Ver, and Case Temperature (Tc) —55 to +125°C 
Vcc (Note 1) —0.6 to Vcc + 0.6 V Military (M) Devices 
Ag and Vpp (Note 2) -0.6 to 13.5 V Case Temperature (Tc) —55 to +125°C 
Vec —0.6 to 7.0 V Supply Read Voltages: 
Vcc/Vpp for Am27C512-—XX5 +4.75 to +5.25 V 
Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a Vec/Vep. for Am27C512-XX0 +4.50 to +5.50 V 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- Operating ranges define those limits between which the func- 
tional sections of this specification is not implied, Exposure of tionality of the device is guaranteed. 


the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


Notes: 


1. During transitions the inputs may overshoot GND to 
—2.0 V for periods of up to 20 ns. Maximum DC voltage on 


input and I/O may overshoot to Vcc + 2.0 V for periods up 
to 20 ns. 


2. During transitions, Ag and Vpp may overshoot GND to 


—2.0 V for periods of up to 20 ns. Ag and Vpp must not ex- 
ceed 13.5 V for any period of time. 


DC CHARACTERISTICS over operating range unless otherwise specified 
(Notes 1, 4, 5 & 7) 
TTL and NMOS Inputs 


J 
Symbol | Description Test Conditions 

| Vou | OutputHIGH Voltage | lon=-#00wA 
[Vou | OuiputLowvotage [la=-2tma | 
iT ee 


pow iotags | ae 


lu Input Load Current Vin = 0 V to Vcc 
| EM Devices | 


Output Leakage Current | Vout = 0 V to Vcc C/l Devices Peeg ae 


cc1 Vcc Active Current CE = VIL, C/I Devices 
(Note 5) f = 10 MHz, 
lour =O MA E/M Devices 


(Open Outputs) 


Vec Standby Current CE = Vin, a Devices 
OE = Vit | E/M Devices | 


Vcc + 0. 
+0.8 


or 


: 


cs 


> 
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DC CHARACTERISTICS over operating range unless otherwise specified (Continued) 
CMOS Inputs 


‘Symbol [Desenpton | Testconatons |__| Mans | Unt 

Symbol | Description Test Conditions 

| Vox | OutputHIGH Voltage | lon=—400wA | 

| Vo.__|OutputLowVottage |ia=21mA | | | 

[vm [inputichvotage | SSSC*( eos |ec vo | 

ue! OW ee aa ee 
yA 


lu Input Load Current Vin=OVtoVec | CiDevices | | 10 | 
TEMDevices [| | 5.0 
Output Leakage Current | Vout = 0 V to Vcc C/l Devices eee ees noe 

LEM Devices | | 5.0 


cc: _| Voc Active CE = VIL, C/l Devices dan oy 
Current (Note 5) f = 10 MHz, 


lout = OMA E/M Devices 
(Open Outputs) 


Icc2 Vcc Standby Current CE =Vcc+0.3V C/I Devices es ae 
TEM Devices |_| 100 


CAPACITANCE (Notes 2, 3, & 6) 

FSymocr"[Deecrptan | Tetconamone | ts | umn 
Symbol | Description Test Conditions 

[cm [ndcressinpatGapactance [vm=ov Yr 
[Gna _[OENerInputCapactance [Vw-0VSSSCS~=~dC=CiSS*dYC CS 
| Cws | CEinputCapacitance | WweOVe | 
[cour [Oupurcapactarce [vor-ov TOC 


Notes: 


. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

. Typical values are for nominal supply voltages. 

. This parameter is only sampled and not 100% tested. 

Caution: The Am27C512 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 
. Iec1 is tested with OE = Vin to simulate open outputs. 

. TA= 25°C, f = 1 MHz. 

. During transitions, the inputs may overshoot to —2.0 V for periods less than 20 ns. 

Maximum DC voltage on input pins may overshoot to Vcc + 2.0 V for periods less than 20 ns. 


NOOO WH = 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 3, & 4) 


TEBE ee Parameter 
Description Test Conditions -75 


Address to 


Output Delay 


tELQv Chip Enable to 
Output Delay | OE/Vep = Vit 


tcLav Output Enable 
to Output Delay | CE = Vit 


Output Enable 
HIGH to Output 
Float (Note 2) 


Output Hold 
from Addresses, 
CE, or OE, 
whichever 
occurred first 


Notes: 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
2. This parameter is only sampled and not 100% tested. 
3. Caution: The Am27C512 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 
4. For the Am27C512-75: 

Output Load: 1 TTL gate and CL = 30 pF, 

Input Rise and Fall Times: 20 ns, 

Input Pulse Levels: 0 to 3 V, 

Timing Measurement Reference Level: 1.5 V for inputs and outputs. 
For all other versions: 

Output Load: 1 TTL gate and CL = 100 pF, 

Input Rise and Fall Times: 20 ns, 

Input Pulse Levels: 0.45 to 2.4 V, 

Timing Measurement Reference Level: 0.8 V and 2 V for inputs and outputs. 
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SWITCHING TEST CIRCUIT 


0 +5 V 


Diodes = IN3064 
or Equivalent 


= — cn 08140-005A 
CL = 100 pF including jig capacitance (30 pF for -75) 
SWITCHING TEST WAVEFORMS 
2.4V Py aay 3V 
: . Ee oe ae 4: 
0.45 V OV 
Input Output Input Output 
08140-006A 


AC Testing: Inputs are driven at 2.4 V for a logic “1” 
and 0.45 V for a logic “0”. Input pulse rise 
and fall times are < 20 ns. 


AC Testing: Inputs are driven at 3.0 V for a logic “1” and 
0 V for a logic “O”. input pulse rise and fall 
times are < 20 ns for -75 devices. 
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SWITCHING WAVEFORMS 
Key to Switching Waveforms 


INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
fom HtoL : 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


KS000010 


2.4 
Adiiveniios Addresses 
0.45 
CE 
OE 
ioe. ™ 
(Note 1) 
cc 
(Note 1) 
Output 
Notes: 08140-007A 
1. OE may be delayed up to tacc-toE after the falling edge of CE without impact on tacc. 
2. tor is specified from OE or CE, whichever occurs first. 
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PROGRAMMING FLOW CHART 


Address = First Location 


Voc = 6.25 V 
Vpp = 12.75 V 


Program One 100 is Pulse 


S&S Yes 
No 
Verify Byte 
? 


Pass 


Y 


es 
Vcc = Vpp = 5.25 V 


Verify All 
Bytes 
? 


Interactive 


Increment Address 


Verify Section 


a 


Device Failed 


Pass 


Figure 1. Flashrite Programming Flow Chart 


06780-008E 
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DC PROGRAMMING CHARACTERISTICS (Ta = +25°C + 5°C) (Notes 1, 2, & 3) 


Input HIGH Level 


Output LOW Voltage During Verify 
Output HIGH Voltage During Verify 


Ag Auto Select Voltage 
Vec Supply Current (Program & Verify) 


OE/Ver Hold Time 
OE/Vpp Recovery Time 
Notes: : 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

2. When programming the Am27C512, a 0.1 pF capacitor is required across Vpp and ground to suppress spurious voltage 
transients which may damage the device. 

3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 
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PROGRAMMING ALGORITHM WAVEFORMS (Notes 1 & 2) 


ViIH Program <«— Program Verify 


a 


a arc 


Vid AH 
CE 
Vit 
tvcs 
Voc 6V. 
Voc 06780-009E 


Notes: 
1. The input timing reference level is 0.8 V for Vit and 2.0 V for ViH. 
2. toe and tpFP are characteristics of the device, but must be accommodated by the programmer. 
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Am27C512L 


65,536 x 8-Bit Ultra-Low CMOS EPROM 


DISTINCTIVE CHARACTERISTICS 
@ Fast access time—70ns 


@ Ultra-low power consumption: 
—- 5mA maximum active current at 5 MHz 
—- 201A maximum standby current 


@ Programming voltage: 12.75 V 
@ Single +5 -V power supply 


Advanced 
Micro 
Devices 


m@ JEDEC~—approved pinout 
— Plug in replacement for Am27C512 


m@ +10% power supply tolerance 


@ Fast Flashrite™ programming 
— Typical programming time of 15 seconds 

@ Latch-up protected to 100 mA from —1 V to 
Vec +1V 


GENERAL DESCRIPTION 


The Am27C512L is a 512K-bit, ultraviolet erasable pro- 
grammable read-only memory. It is organized as 65,536 
words by 8 bits per word, operates from a single +5-V 
supply, has a static standby mode, and features fast sin- 
gle address location programming. Products are avail- 
able in windowed ceramic DIP and LCC packages, as 
well as plastic one-time programmable (OTP) pack- 
ages. 


Typically, any byte can be accessed in less than 70 ns, 
allowing operation with high-performance microproces- 
sors without any WAIT states. The Am27C512L offers 


BLOCK DIAGRAM 


PRODUCT SELECTOR GUIDE 


Family Part No. 


Ordering Part Number 


separate Output Enable (OE) and Chip Enable (CE) 
controls, thus eliminating bus contention in a multiple 
bus microprocessor system. 


AMD's CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 25 mW in active mode and 5 MHz op- 
eration, and 100 pW in standby mode and CMOS levels. 


All signals are TTL levels, including programming sig- 
nals. Bit locations may be programmed singly, in blocks, 
or at random. 


Data Outputs 
DQo_-DOy 


524 288-Bit 
Cell Matrix 


08140-001A 


Am27C512L 


£10%Voc Tolerance | - | -90 | -120 | -150 | -200 | -250__ 
| Max.AccessTime(ns) {| 70 | 90 | 120 | 150 | 200 | 250 __ 
|CE(E)Access(ns) | 70 | 990 | 120 | 150 | 200 | 250 __ 
LOE(G)Access(ns) | 40 | 40 | 80 | 50 | 75 | 100 


Publication# 15616A Rev. A 
Issue Date: March 1991 


Amendment/0 
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CONNECTION DIAGRAMS 
Top View 
DIP LCC* 
wr 
Vec 2 
Pd 
iy ~2¥"¥oO 832 
A13 qaqaq2z>ac 
As J 
4;° $5 eee 30 
Ag A, )_J}5 Ag 
Ait As Ag 
A A 
OE/Vpp (G/Vpp) 4 1 
Aio As NC 
CE (E) i: OEVpp (G/Vpp) 
ca A, Ayo 
Ao CE () 
00s NC DQ, 
DQs DQ, DQ, 
DQ4 
DQs 
QO oO o zs+~ Ww 
08140-002A 8822888 
N 
* Also Available in a 32-pin rectangular plastic leaded chip carrier 2 08140-003A 
z 
Notes: & 
1. JEDEC nomenciature is in parantheses. 
_ 2. Don’t use (DU) for PLCC. 
LOGIC SYMBOL 
08140-004A 
PIN DESCRIPTION 
Ao — Ais = Address Inputs 
CE (E) = Chip Enable Input 
DQo-DQ7 = Data Inputs/Outputs 
OE (G) = Output Enable Input 
Vec = Vcc Supply Voltage 
Vpp = Program Supply Voltage 
GND = Ground 
NC = No Internal Connection 
DU = No External Connection 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and ony ranges. The order number (Valid Combination) is 
formed by a combination of: a. Speed 0, umbe 


Speed Option 


Package Type 
Temperature Ran 
Optional Processing 


B 
a atl e. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 
E = Extended Commercial (-55 to +125°C) 


b. 
c. 
d. 
% 


Am27C512L -75 


PACKAGE TYPE 

D = 28-Pin Ceramic DIP (CDV028) 

L = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLV032) 


9 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C512L 
64K x 8-Bit Ultra-Low Power CMOS UV EPROM 


Valid Combinations Valid Combinations 
Am27C512L-75 DC. DCB. LC. LCB Valid Combinations list configurations planned to be 


supported in volume for this device. Consult the lo- 


Am27C512L-95 " . esa, ap ~ 
DC, DCB, DI, DIB, cal AMD sales office to confirm availability of specific 


valid combinations or to check on newly released 


Am27C512L-90 cise aioe ania 
Am27C512L-120 DC, DCB, DI, 
Am27C512L-150 (are: tee 


Am27C512L-255 
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ORDERING INFORMATION 


OTP Products 
AMD standard products are available in several pamages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: Device Number 
b. Option 
c. Package Type 
d. Temperature Range 
@. Optional Processing 
Am27C512L 


e. OPTIONAL PROCESSING 
Blank = Standard processing 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 


c. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 
J = 32-Pin Rectangular Plastic Leaded Chip 
Carrier (PL 032) 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C512L 
64K x 8-Bit Ultra-Low Power CMOS OTP EPROM 


Valid Combinations 
|___Valid Combinations Combinations Valid Combinations list configurations planned to be 


Am27C51 eee 20 supported in volume for this device. Consult the lo- 
; c P C, cal AMD sales office to confirm availability of specific 


valid combinations or to check on newly released 


ae 2L-150 
Anatase 200. 2L-200 combinations. 
| Am27C512L-255 | 2L-255 
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MILITARY ORDERING INFORMATION 
APL Products 
AMD products for Aerospace and Defense applications are available in several sp hy and operating ranges. APL ppd 


Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 
by a combination of: 


a a 
peed Option 
ee Type 

pl pa Range 
"ee Finish — 


paper 


Am27C512L -120 /B A 
1 oe . LEAD FINISH 
A = Hot Solder Dip 


d. PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CDV028) 
U = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLV032) 


DEVICE CLASS 
/B = Class B 


9 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C512L 
64K x 8-Bit Ultra-Low Power CMOS UV EPROM 


Valid Combinations 


|__ Valid Combinations Combinations Valid Combinations list configurations planned 
pen Soar to be supported in volume for this device. Con- 
f sult the local AMD sales office to confirm avail- 
Sees = /BXA, /BUA ability of specific valid combinations, or to check 
Aes ae on newly released combinations. 
| Am27C512L-250| 2L-250 


Group A Tests 


Group A tests consist of Subgroups 
t, 2, 3, 7, 8,9, 10; 441. 
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FUNCTIONAL DESCRIPTION 
Erasing the Am27C512L 


In order to clear all locations of their programmed con- 
tents, it is necessary to expose the Am27C512L to anul- 
traviolet light source. A dosage of 15 W seconds/cm? is 
required to completely erase an Am27C512L. This dos- 
age can be obtained by exposure to,an ultraviolet 


lamp—wavelength of 2537 Angstroms ( A)—with inten- — 


sity of 12,000 W/cm? for 15 to 20 minutes. The 
Am27C512L should be directly under and about one 
inch from the source and all filters should be removed 
from the UV light source prior to erasure. 


It is important to note that the Am27C512L, and similar 
devices, will erase with Jight sources having wave- 
lengths shorter than 4000 A. Although erasure times will 
be much longer than with UV sources at 2537 A, never- 
theless the exposure to fluorescent light and sunlight will 
eventually erase the Am27C512L and exposure to them 
should be prevented to realize maximum system reli- 
ability. If used in such an environment, the package win- 
dow should be covered by an opaque label or sub- 
stance. 


Programming the Am27C512L 


Upon delivery, or after each erasure, the Am27C512L 
has all 524,288 bits in the “ONE”, or HIGH state. “ZE- 
ROs” are loaded into the Am27C512L through the pro- 
cedure of programming. 


mode is entered when 12.75+0.25V 
pp pin, and CE is at Vi. 


For programming, the data to be programmed is applied 
8 bits in parallel to the data output pins. 


The programmi 
is applied to the 


The Flashrite programming algorithm (shown in Figure 
1) reduces programming time by using initial 100 ps 
pulses followed by a byte verification to determine 
whether the byte has been successfully programmed. If 
the data does not verify, an additional pulse is applied 
for a maximum of 25 pulses. This process is repeated 
while sequencing through each address of the EPROM. 


The Flashrite programming algorithm programs and 
verifies at Vcc = 6.25 V and Vpp = 12.75 V. After the final 
address is completed, all bytes are compared to the 
original data with Vcc = Vpp = 5.25 V. 


Program Inhibit 


Programming of multiple Am27C512Ls in parallel with 
different data is also easily accomplished. Except for 
CE, all like inputs of the parallel Am27C512L including 

pp may be common. A TTL low-level program 
pulse applied to an Am27C512L CE input with OE/Vpp = 
12.75 + 0.25 V will program that Am27C512L. A high- 
level CE input inhibits the other Am27C512Ls from be- 
ing programmed. 


AMD Ll 


Program Verify 


Averify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify should be performed with OE/Vpp and CE at Vi. 
Data should be verified tov after the falling edge of CE. 


Auto Select Mode 


The auto select mode allows the reading out of a binary 
code from an EPROM that will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching 
the device to be programmeed with its corresponding 
programming algorithm. This mode is functional in the 
25°C + 5°C ambient temperature range that is required 
when programming the Am27C512L. 


To activate this mode, the programming equipment 
must force 12.0 + 0.5 V on address line Ag of the 
Am27C512L. Two identifier bytes may then be se- 
quenced from the device outputs by toggling address 
line Ao from Vit to Vin. All other address lines must be 
held at Vi. during auto select mode. 


Byte 0 (Ao = Vi_) represents the manufacturer code, and 
byte 1 (Ao = Vin), the device identifier code. For the 
Am27C512L, these two identifier bytes are given in the 
Mode Select table. All identifiers for manufacturer and 
device codes will possess odd parity, with the MSB 
(DQ7) defined as the parity bit. 


Read Mode 


The Am27C512L has two control functions, both of 
which must be logically satisfied in order to obtain data 
at the outputs. Chip Enable (CE) is the power control 
and should be used for device selection. Output Enable 
(OE) is the output control and should be used to gate 
data to the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (tce). 
Data is available at the outputs tOE after the falling edge 
of OE, assuming that CE has been LOW and addresses 
have been stable for at least tacc—toe. 


Standby Mode 


The Am27C512L has a CMOS standby mode which re- 
duces the maximum Vcc current to 20 pA. It is placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27C512L also has a TTL-standby mode which re- 
duces the maximum Vcc current to 1.0 mA. Itis placed in 
TTL-standby when CEis at Vin. When in standby mode, 
the outputs are in a high-impedance state, independent 
of the OE input. 
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Output OR-Tieing 


To accomodate multiple memory connections, a two— 
line control function is provided to allow for: 


1. Low memory power dissipation, and : 
2. Assurance that output bus contention will not occur. 


itis recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 
are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1 pF ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on EPROM ar- 
rays, a 4.7 uF bulk electrolytic capacitor should be used 
between Vcc and GND for each eight devices. The loca- 
tion of the capacitor should be close to where the power 
supply is connected to the array. 


Mode Select Table 


ae 


Standby (TTL) 


(Note 3) 
Notes: 


1. Xcan be either Vit or Vin 
2. VH=12.0V+0.5V 

3. Ai—As = A10—Ai5 = VIL 

4 


ee ae 


nit 


Foweaoee [wf [x 
a a a a 


[Peoam | vu | ve | x | x | ow 
[Program Verfy | ove | we | x |X | Dor | 
Program inhibit | vm | _vep | x | x | HighzZ 


el 
Select | Code 


a Pe 


High Z 


~< 


~< 


x< 


< 


x< 


< 


. See DC Programming Characteristics for Vpp voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature: 
OTP Products -—65 to + 125°C 
All Other Products —65 to + 150°C 
Ambient Temperature 
with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 
All pins except Ag, Ver, and 
Vcc (Note 1) —0.6 to Vcc + 0.6 V 
Ag and Vpp (Note 2) —0.6 to 13.5 V 
Vcc -—0.6to 7.0 V 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


Notes: 

1. During transitions the inputs may undershoot GND to 
—2.0 V for periods of up to 20 ns. Maximum DC voltage on 
input and I/O may overshoot to Vcc + 2.0 V for periods up 
to 20 ns. 

2. During transitions, Ag and Vpp may undershoot GND to 
—2.0 V for periods of up to 20 ns. Ag and Vpp must not ex- 
ceed 13.5 V for any period of time. 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) 0 to +70°C 
industrial (1) Devices 

Case Temperature (Tc) —40 to +85°C 
Extended Commercial (E) Devices 

Case Temperature (Tc) —55 to +125°C 
Military (M) Devices 

Case Temperature (Tc) —55 to +125°C 
Supply Read Voltages: 

Voc/Vpp for AmM27C512L—-XX5 =—s_« +4.75 to. +5.25 V 

Vec/Vep for Am27C512L—-XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


(Notes 1, 4, 5 & 7) 
TTL and NMOS 


Input Load Current 


CE = VIL, 
f = 10 MHz, 
lout = 0 mA 


Vcc Active Current 
(Note 5) 


Vcc Standby Current 


ee 
Symbol | Description Test Conditions 
[OutputHIGH Voltage | lon=—400pA | 
[OutputLow vonage [la=2tmaA | 
one fe 
LinputlowVotage || Oe 
ee Devices | | ae ae 


(Open Outputs) 


OE = Vit 


(Ih ese il 
Tem Devices |_| 80 


| E/MDevices | | 5.0 


C/I Devices 


ast 


E/M Devices 


| EMDevices | | 1.0 
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DC CHARACTERISTICS over operating range unless otherwise specified (Continued) 
CMOS 


‘Symoot"|eccrpton | estconaons | mn | tae. | unt 
Symbol | Description Test Conditions 

| Vox | OutputHIGH Voltage |lon=—400wA | Vco-0.8} | 
| Vo.__|OutputLowvottage [ia=21maA | || 
[vu finputrictvorage | SSSSC*S~*dC( Ve veo | 
fo 


Iu Input Load Current Vin = 0 V to Vcc Ci/l Devices Sip ses eae ree 
TEMDevices [| | 10 ~~ 

Output Leakage Current | Vout = 0 V to Vcc C/l| Devices woe Bee ee 

| E/M Devices | | 5.0 | 


cc: | Vee Active CE = VIL, C/I Devices oe ts mA 
Current (Note 5 & 8) f = 5 MHz, 


lout = OMA E/M Devices 
(Open Outputs) 


Vcc Standby Current CE=Vcct+0.3V | CiDevies | | 20 | 
PEM Devices [40 


CAPACITANCE (Notes 2, 3, & 6) 
Parameter | Parameter CDV028 CLV032 
Symbol | Description Test Conditions Max. Max. 


[“Gne |OENee input Capacitance |vw-0v———~—S~d:~SCia S| 
Gre | CE input Copacuance __‘[Vwe0vSsSst—~—<‘idtCSt~SsdtC Ce 


0 


Notes: 


. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

Typical values are for nominal supply voltages. 

. This parameter is only sampled and not 100% tested. 

Caution: The Am27C512L must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 
. Iec1 is tested with OE = ViH to simulate open outputs. 

TA = 25°C, f = 1 MHz. 

During transitions, the inputs may overshoot to —2.0 V for periods less than 20 ns. 

Maximum DC voltage on input pins may overshoot to Vcc + 2.0 V for periods less than 20 ns. 

8. Icci varies 1 mA per MHz for C/I devices. lcci varies 2 mA per MHz for E/M devices. 


NOM PON > 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 3, & 4) 


Parameter 
Symbols Parameter 


JEDEC [Standard] Description 


tavav tacc Address to 

Output Delay 
tELav Chip Enable to 

Output Delay _| OE/Vpr = Vi ia] wf 
taLav Output Enable Ss Bee Re Fae ees See 

to Output Delay | CE = Vu =e ee 


Output Enable 
HIGH to Output 
Notes: 


Float (Note 2) 
Output Hold 
from Addresses, 
1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
2. This parameter is only sampled and not 100% tested. 
3. Caution: The Am27C512L must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 
4 


Am27C512L 
etconman_| 2 | 28 ||] 20 n 


i OE/Vpp 


CE, or OE, 
whichever 
occurred first 
. For the Am27C512L-75: 
Output Load: 1 TTL gate and Ci = 30 pF, 
Input Rise and Fall Times: 20 ns, 
Input Pulse Levels: 0 to 3 V, 
Timing Measurement Reference Level: 1.5 V for inputs and outputs. 
For all other versions: 
Output Load: 1 TTL gate and CL = 100 pF, 
Input Rise and Fall Times: 20 ns, 
Input Pulse Levels: 0.45 to 2.4 V, 
Timing Measurement Reference Level: 0.8 V and 2 V for inputs and outputs. 
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SWITCHING TEST CIRCUIT 
0D +5V 
Diodes = IN3064 
or Equivalent 
= = ack 08140-005A 
Ci = 100 pF including jig capacitance (30 pF for -75) 
SWITCHING TEST WAVEFORMS 
2.4V ani aa 3V 
0.45 V OV 
Input Output Input Output 
08140-006A 


AC Testing: Inputs are driven at 2.4 V for a logic “1” 
and 0.45 V for a logic “0”. Input pulse rise 
and fall times are < 20 ns. 


AC Testing: Inputs are driven at 3.0 V for a logic “1” and 


0 V for a logic “0”. Input pulse rise and fall 
times are < 20 ns for -75 devices. 
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SWITCHING WAVEFORMS 


Key to Switching Waveforms 


WAVEFORM INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


KS000010 


2.4 
Addresses 
0.45 


Output 
Notes: 


tOE 
(Note 1) 


eee 
(Note 1) 


08140-007A 


1. OE may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 
2. toF is specified from OE or CE, whichever occurs first. 
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PROGRAMMING FLOW CHART 


Address = First Location 
Vpp = 12.75 V 


Program One 100 us Pulse 


S 2 
No 
Verify Byte 
? 


Pass 


Last Address? 
Yes 
Voc = Vpp = 5.25 V 


Verify All 
Bytes 
? 


interactive 
Section 


increment Address 


Verify Section 


Device Failed 


Pass 


Figure 1. Flashrite Programming Flow Chart 


06780-008E 
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DC PROGRAMMING CHARACTERISTICS (Ta = +25°C + 5°C) (Notes 1, 2, & 3) 
Symbol | Description Test Conditions 
[Input Current (All inputs) | Vin=VuorV | 
[input LOW Level (Allinputsy | | 0.8 
cS nS ae 


ee en 


Flashrite Supply Voltage 


Flashrite Programming Voltage 


Description 

ee 
ae iE ena HOM aes a Mo ee 
te acme oem 
a eee 


S 
| toch | OE/VepHold Time 
OE/Vep Recovery Time 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 


2. When programming the Am27C512L, a 0.1 wF capacitor is required across Vpp and ground to suppress spurious voltage 
transients which may damage the device. 


3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 


t 
t 


Notes: 
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PROGRAMMING ALGORITHM WAVEFORMS (Notes 1 & 2) 


Vin Program <«— Program Verify 


ViH AH 
CE Vit 
tvcs 
Vcc 6 V, 
Vcc 06780-009E 


Notes: 


1. The input timing reference level is 0.8 V for Vit and 2.0 V for Vin. - 
2. toe and torP are characteristics of the device, but must be accommodated by the programmer. 
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1 Megabit (131,072 x 8-Bit) CMOS EPROM 


DISTINCTIVE CHARACTERISTICS 
m@ Easy upgrade from 28-Pin JEDEC EPROMs 


M@ Fast access time—100 ns 


m@ Low power consumption: 
— 100 pA maximum standby current 


m@ Programming voltage: 12.75 V 
m@ Single +5 V power supply 


@ Compact 32-Pin DIP package requires no 
hardware change for upgrades to 8 megabits 


GENERAL DESCRIPTION 


The Am27C010 is a 1 megabit, ultraviolet erasable pro- 
grammable read-only memory. It is organized as 128K 
words by 8 bits per word, operates from a single +5 V 
supply, has a static standby mode, and features fast sin- 
gle address location programming. Products are avail- 
able in windowed ceramic DIP and LCC packages, as 
well as plastic one-time programmable (OTP) 
packages. 


Typically, any byte can be accessed in less than 100 ns, 
allowing operation with high-performance microproces- 
sors without any WAIT states. The Am27C010 offers 


BLOCK DIAGRAM 


and 


Output Enable 
Chip Enable | | 


Prog Logic 


sek 


Advanced 
Micro 
Devices 


@ JEDEC-approved pinout 


m@ +10% power supply tolerance standard on 
most speeds 


m@ @6©Fast Flashrite™ programming 


m@ Latch-up protected to 100 mA from —1 V to 
Veco +1V 


separate Output Enable (OE) and Chip Enable (CE) 
controls, thus eliminating bus contention in a multiple 
bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 250 pW in 
standby mode. 


All signals are TTL levels, including programming sig- 
nals. Bit locations may be programmed singly, in blocks, 
or at random. 


Data Outputs 
DQo—DQ7 


Output Buffers 


Ao-Ais 
Address 
Inputs 1,048,576-Bit 
Cell Matrix 
10205-001A 
PRODUCT SELECTOR GUIDE 


Family Part No. 


Ordering Part No: 
+5% Vcc Tolerance 
+10% Vcc Jolerance 
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ee eee 
[ “Max. Access Time (ns) [100 | 120 [150 
eee scene [too [aan] s0 00 Ta 


| _OE(G) Access (ns) | 50 | 50 | 65 | 75 | 100 __ 


Am27C010 


Publication# 10205 Rev. C 
Issue Date: March 1991 


Amendment/0 
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CONNECTION DIAGRAMS 
Top View 
DIP LCC* 


10205-002A 


*Also available in a 32-pin rectangular Plastic Leaded Chip Carrier. 
Notes: 


1. JEDEC nomenclature is in parenthesis. 
2. The 32-pin DIP to 32-pin LCC configuration varies from the JEDEC 28-pin DIP to 32-pin LCC configuration. 


LOGIC SYMBOL 


DQc-DQ7 KZ 


10205-004A 
PIN DESCRIPTION 
Ao—-A16 Address Inputs PGM (P) Program Enable Input 
CE (E) Chip Enable Input Vec Vcc Supply Voltage 
DQo—DQ7 Data Input/Outputs Vpp Program Supply Voltage 
OE (G) Output Enable Input GND Ground 

NC No Internal Connect 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: Device Number 

. Speed Option 

Package Type 

. Temperature Range 

Optional Processing 


B 
eas e. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


e2009 


AM27C010 -105 D Cc 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 
E = Extended Commercial (-55 to +125°C) 


c. PACKAGE TYPE 
D = 32-Pin Ceramic DIP (CDV032) 
L = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLV032) 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C010 
1 Megabit (128K x 8) CMOS UV EPROM 


DIB, LC, LI 
DC, DCB, DE, 
rine 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations. 


LIB, LE, LEB 


eenccnnnncnnnnnn nnn SSS SSNS 
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ORDERING INFORMATION 
OTP Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


P Cc 
a e. OPTIONAL PROCESSING 
Blank = Standard processing 
d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 
c. PACKAGE TYPE 


P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 


AM27C010 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C010 
1 Megabit (128K x 8) CMOS OTP EPROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations. 


Valid Combinations 
AM27C010-105 
AM27C010-120 
AM27C010-125 
AM27C010-150 isch caine 
AM27C010-200 
AM27C010-255 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 


Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 
by a combination of: 
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229 o8 


Device Number 
Speed Option 
Device Class 
Package Type 
Lead Finis 


& 
oe e. LEAD FINISH 


A = Hot Solder Dip 


d. PACKAGE TYPE 
X = 32-Pin Ceramic DIP (CDV032) 
U = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLV032) 


DEVICE CLASS 
/B = Class B 


9 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 


Am27C010 


1 Megabit (128K x 8) CMOS UV EPROM 


Valid Combinations 
AM27C010-120 
AM27C010-150 /BXA, [BUA 
AM27C010-200 
AM27C010-250 


For other Surface Mount Package 


options, contact NVD Military Marketing. 


Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 
ability of specific valid combinations, or to check 
on newly released combinations. 


Group A Tests 


Group A tests consist of Subgroups 
1, 2; 3, 7,8, 9, 10, 11. 
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FUNCTIONAL DESCRIPTION 
Erasing the Am27C010 


In order to clear all locations of their programmed con- 
tents, it is necessary to expose the Am27C010 to an ul- 
traviolet light source. A dosage of 15 W seconds/cm? is 
required to completely erase an Am27C010. This dos- 
age can be obtained by exposure to an ultraviolet lamp 
— wavelength of 2537 Angstroms (A) —with intensity of 
12,000 W/cm? for 15 to 20 minutes. The Am27C010 
should be directly under and about one inch from the 
source and all filters should be removed from the UV 
light source prior to erasure. 


It is important to note that the Am27C010, and similar 
devices, will erase with light sources having wave- 
lengths shorter than 4000 A. Although erasure times will 
be much longer than with UV sources at 25374, never- 
theless the exposure to fluorescent light and sunlight will 
eventually erase the Am27C010 and exposure to them 
should be prevented to realize maximum system reli- 
ability. If used in such an environment, the package win- 
dow should be covered by an opaque label or 
substance. 


Programming the Am27C010 


Upon delivery, or after each erasure, the Am27C010 
has all 1,048,576 bits in the “ONE”, or HIGH state. “ZE- 
ROs” are loaded into the Am27C010 through the proce- 
dure of programming. 


The programming mode is entered when 12.75 + 0.25 V 
is applied to the Vpp pin, CE and PGM are at Vi_and OE 
is at Vin. 


For programming, the data to be programmed is applied 
8 bits in parallel to the data output pins. 


The Flashrite programming algorithm (shown in Figure 
1) reduces programming time by using initial 100 us 
pulses followed by a byte verification to determine 
whether the byte has been successfully programmed. If 
the data does not verify, an additional pulse is applied 
for a maximum of 25 pulses. This process is repeated 
while sequencing through each address of the EPROM. 


The Flashrite programming algorithm programs and 
verifies at Vcc = 6.25 V and Vpp = 12.75 V. After the final 
address is completed, all bytes are compared to the 
original data with Vcc = Vpp = 5.25 V. 


Program Inhibit 


Programming of multiple Am27C010s in parallel with 
different data is also easily accomplished. Except for 
CE, all like inputs of the parallel Am27C010 may be 
common. A TTL low-level program pulse applied to an 
Am27C010 CE input with Vep = 12.75 + 0.25 V, PGM 
LOW, and OE HIGH will program that Am27C010. A 
high-level CE input inhibits the other Am27C010s from 
being programmed. 


Program Verify 


Averify should be performed on the programmed bits to 
determine that they were correctly programmed. The 


verify should be performed with OE and CE at Vi, PGM 
at Vin, and Vpp between 12.5 V and 13.0 V. 


Auto Select Mode 


The auto select mode allows the reading out of a binary 
code from an EPROM that will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching 
the device to be programmed with its corresponding 
programming algorithm. This mode is functional in the 
25°C +5°C ambient temperature range that is required 
when programming the Am27C010. 


To activate this mode, the programming equipment 
must force 12.0 + 0.5 V on address line Ag of the 
Am27C010. Two identifier bytes may then be se- 
quenced from the device outputs by toggling address 
line Ao from Vit to Vin. All other address lines must be 
held at Vit during auto select mode. 


Byte 0 (Ao = Vi_) represents the manufacturer code, and 
Byte 1 (Ao = Vin), the device identifier code. For the 
Am27C010, these two identifier bytes are given in the 
Mode Select table. All identifiers for manufacturer and 
device codes will possess odd parity, with the MSB 
(DQ7) defined as the parity bit. 


Read Mode 


The Am27C010 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. As- 
suming that addresses are stable, address access time 
(tacc) is equal to the delay from CE to output (tce). Data 
is available at the outputs toe after the falling edge of OE, 
assuming that CE has been LOW and addresses have 
been stable for at least tacc — toe. 


Standby Mode 


The Am27C010 has a CMOS standby mode which re- 
duces the maximum Vcc currentto 100 pA. Itis placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27C010 also has a TTL-standby mode which re- 
duces the maximum Vcc current to 1.0 mA. Itis placed in 
TTL-standby when CE is at Vin. When in standby mode, 
the outputs are in a high-impedance state, independent 
of the OE input. 


Output OR-Tieing 


To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 


Am27C010 
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This assures that all deselected memory devices are in 
their low-power standby mode and that the outut pins 
are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 


AMD Pa 


put capacitance loading of the device. At a minimum, a 
0.1 uF ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on EPROM ar- 
rays, a 4.7 uF bulk electrolytic capacitor should be used 
between Vcc and GND for each eight devices. The loca- 
tion of the capacitor should be close to where the power 
supply is connected to the array. 


Mode Select Table 


ia OT ee op oe ee 
cao ee x ee 
ae oo re es Se 


a a Ba a 
[ProgramVeriy———=«dY Se *| “ve | vm | x | x | Ve | Dor 
Auto Select [Manufacturer Code] Vi [Va _| x | Ve | ww | x | on 


(Note 3) 


Notes: 

1. Xcan be either Vit or ViH 
2. VH=12.0Vt05V 

3. Ai— As = A1o—Aie = VIL 
4 


. See DC Programming Characteristics for Vpp voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature: 
OTP Products —65 to +125°C 
All Other Products —65 to +150°C 
Ambient Temperature 
with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 
All pins except Ag, Ver, and 
Vcc (Note 1) —0.6 to Vcc +0.6 V 
Ag and Vpp (Note 2) -0.6 to 13.5 V 
Vcc —0.6 to 7.0 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. This is a stress rat- 
ing only; functional operation of the devices at these or any 
other conditions above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Notes: 


1. During transitions, the input may overshoot GND 
to —2.0 V for periods of up to 20 ns. Maximum DC 


voltage on input and I/O may overshoot to Vcc + 2.0 V 
for periods up to 20 ns. 


2. During transitions, Ag and Vpp may overshoot 
GND to -2.0 V for periods of up to 20 ns. Ag and 
Vpp must not exceed 13.5 V for any period of time. 


OPERATING RANGES. 
Commercial (C) Devices 


Case Temperature (Tc) 0 to +70°C 
Industrial (1) Devices 

Case Temperature (Tc) —40 to +85°C 
Extended Commercial (E) Devices 

Case Temperature (Tc) —55 to +125°C 
Military (M) Devices 

Case Temperature (Tc) —55 to +125°C 


Supply Read Voltages: 
Vcc for Am27C010-XX5 
Vec for Am27C010-XX0 


+4.75 to +5.25 V 
+4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 4, 5 & 8) (for APL products, Group A, Subgroups 1, 2, 3, 7 and 8 are tested 
unless otherwise noted) 


=r rare 
Symbol | Parameter Description Test Conditions 


a 
7 


= 
e 
© 
3 
a 
= 
= 
oO 
” 
oT. 


Vpp Current During Read CE = OE = Vi, Vep = Voc 
(Note 6) 


Output HIGH Voltage lon = —400 WA Eee ee 
Output LOW Voltage | lor = 2.1 mA ie 2 Mee 
input HIGH Voltage ee ee 
input LOW Voltage a Sees Se eee 
Iu Input Load Current Vin = 0 V to Vcc iene Tee 
[EM Devices | | 1.0 
ILo Output Leakage Current Vout = 0 V to Vcc C/l Devices ee ea ee UA 
|EMDevices | | 10_— 
Icc1 Vcc Active Current (Note 5) CE=Vu, C/I Devices Se Pao 
f = 5 MHz mA 
lout =O mA 
Seeouney eee |e 
lcc2 Vec Standby Current CE = Vin C/l Devices Boe te ee mA 
|E/M Devices | | 1.0 _— 
Vpp Current During Read CE = OE = Vi, Vpp = Voc 100 WA 
(Note 6) 
Output HIGH Voltage Elen 400 PAS ee ae ee 
Output LOW Voltage la = 2.1 mA po Oe 
Input HIGH Voltage (eee ee eee 
input LOW Voltage Cees ae ne SoS 
Iu Input Load Current Vin = 0 V to +Vcc C/l Devices eet ee UA 
[EM Devices | | 1.0_— 
Output Leakage Current Vout=0Vto+Vcc_ | C/I Devices Ss ep eed UA 
|E/M Devices | | 10 
CE = Vu, C/| Devices ae 
Icc1 Vcc Active Current (Note 5) f = 5 MHz, mA 
lout = 0 mA E/M Devices 
(Open Outputs) 
Icc2 Vcc Standby Current CE =Vcc+0.3 V C/I Devices BS ceae a 100 
LA 
|E/M Devices | 
. aes 
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CAPACITANCE (Notes 2, 3, & 7) . 
[Smta[eommaeencgion | retconons [hp [ac Typ 
Symbol | Parameter Description Test Conditions | Typ. | Max. | Typ.| Max.| 
| Cw _|inputCapacitance | Vn=OV | 10 | 12 | 8 | 10 | pr 
| Cour _[OutputCapacitance | Vour=ov 12 | 15 | | 12 | opr 


Notes: 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

Typical values are for nominal supply voltages. 

This parameter is only sampled and not 100% tested. 

Caution: The Am27C010 must not be removed from, or inserted into, a socket or board when Vcc or Vpp is applied. 
Icc1 is tested with OE = Vin to simulate open outputs. 

Maximum active power usage is the sum of Icc and Ipp. 

Ta = +25°C, f = 1 MHz. 


During transitions, the inputs may overshoot to —2.0 V for periods less than 20 ns. 
Maximum DC voltage on output pins may overshoot to Vcc + 2.0 V for periods less than 20 ns. 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 3, & 4) (for APL products, Group A, Subgroups 9, 10, and 11 are tested unless 
otherwise noted) 


Am27C010 
Parameter 
Standard] Description Test Conditions 
tAVQV tacc | Address to ET ae 
CE = OE = ViL 
Output Delay 
tELQV tCE Chip Enable es 
OE = VIL 
to Output Delay 
tGLQV Output Enable to | — 
: J CE = VIL 
Output Delay 


tEHQZ, tDF Chip Enable HIGH 
tGHQZ or Output Enable 
3 HIGH, whichever 
comes first, to 
Output Float 
(Note 2) 


tAaxQXx Output Hold from 
Addresses, CE, or 
OE, whichever 
occurred first 


Notes: 
1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 


This parameter is only sampled, not 100% tested. 
Caution: The Am27C010 must not be removed from, or inserted into, a socket when Vpp or Vcc is applied. 


Output Load: 1 TTL gate and Ci = 100 pF 

Input Rise and Fall Times: 20 n 

Input Pulse Levels: 0.45 to 2.4 V 

Timing Measurement Reference Level—Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V. 


wet eft joa 
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SWITCHING TEST WAVEFORM 


2.4V 
2.0 V 2.0 V 


> TEST POINTS 4 


0.8 V 0.8 V 


0.45 V 


Input Output 


10205-005A 


AC Testing: Inputs are driven at 2.4 V for a Logic “1” and 0.45 V for a Logic “0”. Input pulse rise and fall times are < 20 ns. 


SWITCHING TEST CIRCUIT 


9 5V 


Diodes = IN3064 
or Equivalent 


10205-006A 


CL = 100 pF including jig capacitance 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


SWITCHING WAVEFORM 


2.4 
Addresses 
0.45 


CE 


Output 


Notes: 


1. OE may be delayed up to tacc-toE after the falling edge of CE without impact on tacc. 


2.0 
0.8 


High Z 


INPUTS 


Must Be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Don’t Care, 


Any Change 


Permitted 


Does Not 
Apply 


Addresses 
Valid 


(CE 


LULL Lh 
CAs 


2. toF is specified from OE or CE, whichever occurs first. 


Am27C010 


OUTPUTS 


Will Be 
Steady 


Will Be 
Changing 
from H to L 


Will Be 
Changing 
from Lto H 


Changing, 
State 
Unknown 


Center 

Line is High 
Impedance 
“Off” State 


Valid 


KS000010 


10205-007B 
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PROGRAMMING FLOW CHART 


Address = First Location 
Vec = 6.25 V 
Vpp = 12.75 V 


Interactive 


Section 
Increment Address 
Verify Section 


Device Failed 


Pass 


10205-008A 


Figure 1. Flashrite Programming Flow Chart 
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DC PROGRAMMING CHARACTERISTICS (Ta = +25°C +5°C) (Notes 1, 2, & 3) 


Parameter : 
Symbol | Parameter Description Test Conditions 


| tu [input Current (Allinputsy | Viv=VuorV | 10.0 A 
Vu | inp QW Lovel (AN inputs) Ff OS 
SG es See Eas Be eT 
| Vo.___|OutputLOW Voltage During Verity fla=21mA_ | | 045 | 
| Vox | Output HIGH Voltage During Verity | lov=-400wA | 24 | TV 
pl | Rea pee einge  es 
[lec | Voc Supply Current (Program & Verify) [| 5m 
a 
Nee | SlashrtteGupply Vottage | eo bso 
| Ver | FlashriteProgrammingVoltage | | 125 | 138.0 | OV 


SWITCHING PROGRAMMING CHARACTERISTICS (Ta = +25°C +5°C) (Notes 1, 2, & 3) 
Parameter 
Parameter Description 


“Vn 2 
ee ee ee 
eons ey See Se eee 
aa ot 


an ee 
“tse | te | Output Enable to Ouput om Delay | 0 | 10] ns 

a) «oan 
ee nee | oe oe 
ee CC 
as ee 0-2 
Pt. ee 


Notes: 
1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 


2. When programming the Am27C010, a 0.1 :F capacitor is required across Vpp and ground to suppress spurious voltage 
transients which may damage the device. 


3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 
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INTERACTIVE AND FLASHRITE PROGRAMMING ALGORITHM WAVEFORM 


(Notes 1 & 2) 


Addresses 


Data 


Vpp 


Vcc 


Notes: 


Program Program Verity 
VIN 


Hi-Z Fores sek 


[ Dataln Stable | In Stable Ss Data Out a 


Vcc 
tvcs 
VIH 
Vit 
tcES 
. So eee Ser 


Vin tpw tOES 


ViL 


10205-009A 


1. The input timing reference level is 0.8 V for Vit and 2 V for Vin. 


2. toe and tpFP are characteristics of the device, but must be accommodated by the programmer. 
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Am27H010 


1 Megabit (131,072 x 8-Bit) High Speed CMOS EPROM 


DISTINCTIVE CHARACTERISTICS 
@ industry's fastest 
-45ns 1 megabit CMOS EPROM 
& Pin compatible with Am27C010 
@ High speed Flashrite™ programming 
-Typically less than 30 seconds 


GENERAL DESCRIPTION 


The Am27H010 is an ultra-high speed 1 megabit CMOS 
UV EPROM. It utilizes the standard JEDEC pinout mak- 
ing it functionally compatible with the Am27C010, but with 
significantly faster access Capability. This superior ran- 
dom access Capability results from a focused high-speed 
design implemented with AMD's advanced CMOS proc- 
ess technology. This offers users bipolar speeds with 
higher density, lower cost and proven reliability. 


This device is ideal for use with the fastest processors. At 
45ns, the Am27H010 completely eliminates perform- 
ance-draining wait states without using bank-interleaving 
and caching techniques. Designers may take full advan- 


be 


Advanced 
Micro 
Devices 


@ Versions available in industrial and military 
temperature ranges 


@ + 10% power supply tolerance available 


tage of high speed digital signal processors and micro- 
processors by allowing code to be executed at full 
speed directly out of EPROM. Typical applications 
include laser printers, switching networks, graphics, 
workstations and digital signal processing. 


The Am27H010 supports AMD's Flashrite program- 
ming algorithm which allows the entire chip to be pro- 
grammed in typically less than 30 seconds. 


It is available in DIP as well as surface mount packages 
and is offered in commercial, industrial, and extended 
temperature ranges. 


DATA OUTPUTS 
DQ DQ, 


eee. 


OUTPUT 
BUFFERS 


BLOCK DIAGRAM O—+> Voc 
O——® GND 
Serre: VPP 
OUTPUT ENABLE 
CHIP ENABLE 
AND 
PROG LOGIC 
DECODER 
x 
DECODER 
PRODUCT SELECTOR GUIDE 


Ordering Part No: 
Vig 5% 


Vi. + 10% 
Max. Access Time (ns) 
CE (E) Access Time (ns) 


OE (G) Access Time (ns) 


Publication# 12750 Rev. C Amendment 
Issue Date: March 1991 


1,048,576-BIT 
CELL MATRIX 


12750-001A 
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CONNECTION DIAGRAMS 


Top View 


Note: 


DIPs 


12750-002A 


JEDEC nomenclature is in parentheses. 


PIN DESCRIPTION 


A,-A,, = Address Inputs 


CE (E) 
DQ,-DaQ, 
OE (G) 
PGM (P) 


Chip Enable Input 

Data Inputs/Outputs 
Output Enable Input 
Program Enable Input 
Vig Supply Voltage 
Program Supply Voltage 
Ground 


No Internal Connection 


12750-003A 


* Also available in 32-pin rectangular plastic leaded chip carrier 


LOGIC SYMBOL 


10205A-002A 


2-112 


Am27H010 


AMD cl 


ORDERING INFORMATION 
Standard Information 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 
e. Optional Processing 


AM27H010 


-45 D C 


a. DEVICE NUMBER/DESCRIPTION 


Valid Combinations 
AM27H010-45 
AM27H010-45V05 


AM27H010-90V05 


AM27H010-55 
AM27H010-70 
AM27H010-90 


Am27H010 


. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE 


C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 
E = Extended Commercial (-55 to +125°C) 


. PACKAGE TYPE 


D = 32-Pin Ceramic DIP (CDV032) 
L = 32-Pin Rectangular Ceramic Leadiess 
Chip Carrier (CLV032) 


. SPEED OPTION 


See Product Selector Guide and 
Valid Combinations 


1 Megabit (128K x 8) High Speed CMOS UV EPROM 


DC, DCB, DI, DIB, 
LC, Li, LCB, LIB 


DC, DCB, DE, 
DEB, DI, DIB, LC, 
LCB, LI, LIB, LE, LEB 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations. 
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ORDERING INFORMATION 
OTP Products (Preliminary) 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) 


is formed by a combination of: a. Device Number 
b. Speed Option 
c. Package Type 
d. Temperature Range 
e. Optional Processing 
AM27H010 -70 P< 


. 


a. DEVICE NUMBER/DESCRIPTION 
Am27H010 


. OPTIONAL PROCESSING 


Blank = Standard processing 


. TEMPERATURE RANGE 


C = Commercial (0 to +70°C) 


. PACKAGE TYPE 


P = 32-Pin Plastic DIP (PD 032) 


J = 32-Pin Rectangular Plastic Leaded Chip Carrier 
(PL 032) 


. SPEED OPTION 


See Product Selector Guide and 
Valid Combinations 


1 Megabit (128K x 8) High Speed CMOS OTP EPROM 


Valid Combinations 


AM27H010-55 
AM27H010-70 PC, JC 
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Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local 
AMD sales office to confirm availability of specific valid 
combinations, to check on newly released combinations. 
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ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 
by acombination of: a. Device Number 

. Speed Option 

Device Class 

. Package Type 

. Lead Finish 


AM27H010 -55 /IB X 
e. LEAD FINISH 


A = Hot Solder Dip 


eaA07D 


d. PACKAGE TYPE 
X = 32-Pin Ceramic DIP (CDV032) 
U = 32-Pin Rectangular Ceramic Leadless Chip Carrier 
(CLV032) 
c. DEVICE CLASS 
/B = Class B 


b. SPEED OPTION 


See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 


Am27H010 
1 Megabit (128K x 8) High Speed CMOS UV EPROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local 
AMD sales office to confirm availability of specific valid 
combinations. 


Valid Combinations 


AM27H010-55 
AM27H010-70 /BXA, /BUA 
AM27H010-90 


Group A Tests 
Group A tests consist of Subgroups 
1, 2, 3, 7,8, 9, 10, 11. 
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FUNCTIONAL DESCRIPTION 


Erasing the Am27H010 


In order to clear all locations of their programmed con- 
tents, it is necessary to expose the Am27H010 to an 
ultraviolet light source. A dosage of 30 W seconds/cm? 
is required to completely erase an Am27H010. This 
dosage can be obtained by exposure to an ultraviolet 
lamp—wavelength of 2537 Angstroms (A)—with inten- 
sity of 12,000 uwW/cm’ for 30 to 40 minutes. The 
Am27H010 should be directly under and about one inch 
from the source and all filters should be removed from 
the UV light source prior to erasure. 


It is important to note that the Am27H010, and similar 
devices, will erase with light sources having wave- 
lengths shorter than 4000 A. Although erasure times will 
be much longer than with UV sources at 2537 A, never- 
theless the exposure to fluorescent light and sunlight will 
eventually erase the Am27H010 and exposure to them 
should be prevented to realize maximum system reliabil- 
ity. If used in such an environment, the package window 
should be covered by an opaque label or substance. 


Programming the Am27H010 


Upon delivery, or after each erasure, the Am27H010 has 
all 1,048,576 bits in the “ONE”, or HIGH state. “ZEROs” 
are loaded into the Am27H010 through the procedure of 
programming. 


The programming mode is entered when 12.75 + 0.25 V 
is applied to the V,, pin, CE and PGM is at V,, and OE 
is at V,,,. For programming, the data to be programmed 
is applied 8 bits in parallel to the data output pins. 


The Flashrite programming algorithm reduces program- 
ming time by using initial 100 pis pulses followed by a 
byte verification to determine whether the byte has been 
successfully programmed. If the data does not verify, an 
additional pulse is applied for a maximum of 25 pulses. 
This process is repeated while sequencing through each 
address of the EPROM. 


The Flashrite programming algorithm programs and 
verifies at V,. = 6.25 V and V,,, = 12.75 V. After the final 
address is completed, all bytes are compared to the 
original data with V.. = V,, = 5.25 V. 


Program Inhibit 


Programming of multiple Am27H010s_in parallel with 
different data is also easily accomplished. Except for 
CE, all like inputs of the parallel Am27H010 may be 
common. A TTL low-level program pulse applied to an 
Am27H010 CE input with V,,, = 12.75 + 0.25 V, PGM is 
LOW, and OE HIGH will program that Am27H010. A 
high-level CE input inhibits the other Am27H010 from 
being programmed. 3 


Program Verify 


A verify should be performed on the programmed bits to 
determine that they were come ay programmed. The 
verify should be performed with OE and CE at V,, PGM 


at V,,, and V,,, between 12.5 V to 13.0 V. 


IH? 
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Auto Select Mode 


The auto select mode allows the reading out of a binary 
code from an EPROM that will identify its manufacturer | 
and type. This mode is intended for use by programming 
equipment forthe purpose of automatically matching the 
device to be programmed with its corresponding pro- 
gramming algorithm. This mode is functional in the 25°C 
+ 5°C ambient temperature range that is required when 
programming the Am27H010. 


To activate this mode, the programming equipment must 
force 12.0 + 0.5 V on address line A, of the Am27H010. 
Two identifier bytes may then be sequenced from the 
device outputs by toggling address line A, from V,, to V.,,.. 
All other address lines must be held at V, during auto 
select mode. 


Byte 0 (A, = V,,) represents the manufacturer code, and 
byte 1(A, = V,,), the device identifier code. For the 
Am27H010, these two identifier bytes are given in the 
Mode Select table. All identifiers for manufacturer and 
device codes will possess odd parity, with the MSB (DQ_) 
defined as the parity bit. 


Read Mode 


The Am27H010 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Assuming that 
addresses are stable, address access time (t,.) is equal 
to the delay from CE to output (t,,). Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. Data is 
available at the outputs t,, after the falling edge of OE, 
assuming that CE has been LOW and addresses have 


_ been stable for at least t,..— to,- 


Standby Mode 


The Am27H010 has a standby mode which reduces the 
maximum V,,. current to 50% of the active current. It is 
placed in standby mode when CE is at V,,,. The amount 
of current drawn in standby mode depends on the 
frequency and the number of address pins switching. 
The Am27H010 is specified with 50% of the address 
lines toggling at 10 MHz. A reduction of the frequency or 
quantity of address lines toggling will significantly reduce 
the actual standby current. 


Output OR-Tieing 
To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 


2. Assurance that output bus contention will not 
Occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
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their low-power standby mode and that the output pins 
are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the 
output capacitance loading of the device. At a mini- 


MODE SELECT TABLE 


Note 95 


Notes: 
1.V,=120V+0.5V 


2. X = Either Vor V,, 
3. A, -A, ~ Ayo — Aye = Viv 


a 
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mum, a 0.1-uF ceramic capacitor (high frequency, low 
inherent inductance) should be used on each device 
between V,. and GND to minimize transient effects. In 
addition, to overcome the voltage drop caused by the 
inductive effects of the printed circuit board traces on 
EPROM arrays, a 4.7-uF bulk electrolytic capacitor 
should be used between V,,. and GND for each eight 
devices. The location of the capacitor should be close to 
where the power supply is connected to the array. 
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4. See DC Programming Characteristics for V,,, voltage during programming. 
5. The Am27H010 uses the same Flashrite algorithm during program as the Am27C010. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature Commercial (C) Devices 

OTP product —65 to 125°C Case Temperature (T,) 0 to +70°C 

All other products —65 to 150°C Industrial (1) Devices 
Ambient Temperature Case Temperature (T,) —40 to +85°C 

with Power Applied —55 to +125°C Extended Commercial (E) Devices 
Voltage with Respect to Ground: Case Temperature (T,) —55 to +125°C 

All pins except A,, V,,, and Military (M) Devices 

we —0.6 to V,,, +0.5 V Case Temperature (T,) —55 to +125°C 

A, and V,,, —0.6 to 13.5 V Supply Read Voltages: 

i ese —0.6 to 7.0 V Voc for Am27H010-XXV05 +4.75 to + 5.25 V 
Stresses above those listed under “Absolute Maximum Voc for Am27H010-XX +4.50 to +5.50 V 
Ratings” may cause permanent damage to the device. This is Operating ranges define those limits between which the 
a stress rating only; functional operation of the device at these functionality of the device is guaranteed. 


orany otherconditions above those indicated in the operational 
sections of this specification is not implied. Exposure of the 
device to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 


1. Minimum DC voltage on input or I/O is —0.5 V. During tran- 
sitions, the inputs may overshoot GND to —2.0V for per- 
iods of up to 10 ns. Maximum DC voltage on input and 
VO is V,,, +0.5 V which may overshoot to V_, +2.0 V for 
periods up to 20 ns. 


2. For A, and V,, the minimum DC input is -0.5 V. During 
transitions, A, and V,,, may overshoot GND to —2.0 V for 
_ periods of up to 10 ns. A, and V,,, must not exceed 13.5 
V for any period of time. 


DC CHARACTERISTICS over operating range unless otherwise specified. (Notes 1, 4, 5, & 8) (for APL 
Products, Group A, Subgroups 1, 2, 3, 7, and 8 are tested unless otherwise noted) 


Symbol Description Test Conditions 
input HGH Vokape Woe) 
input LOWVotage Weiee) | 


1.0 


Veg Active Current (Note 5) bur = O MA 
(Open Outputs) /E/M Devices 


V.. Standby Current CE = V,, 
V,. Current During Read CE = OE = V,, V,. = Vo. 
(Note 6) 


+ 
oS 
co P 


he fe fll--e- 


a c 
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DC CHARACTERISTICS (Cont.) 


Parameter 
Symbol 


Notes: 

. Vo_ must be applied simultaneously or before V,., and removed simultaneously or after V.,,.. 

. Typical values are for nominal supply voltages. 

. This parameter is only sampled, not 100% tested. 

Caution: the Am27H010 must not be removed from (or inserted into) a socket when V_, or V,, is applied. 

. Io¢, is tested with OE = V,, to simulate open outputs. 

. Maximum active power usage is the sum of |, and I,,. 

. T,=+25°C, f= 1 MHz. 

. Minimum DC Input Voltage is —0.5 V. During transitions, the inputs may undershoot to —2.0 V for periods less 


than 10 ns. Maximum DC Voltage on output pins is V., +0.5 V which may overshoot to V., +2.0 V for periods 
less than10 ns. 


9. Tested under static DC conditions. 


ONOnNh WD = 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified (Notes 
1, 3, & 4) (for APL Products, Group A, Subgroups 9, 10, and 11 are specified unless 


otherwise noted) 


Parameter 
Symbols 


JEDEC! Standard 


Parameter 
Description 


aE = Chip Enable to Output 
Delay 
a Output Enable to 
Output Delay 
Chip Enable HIGH or 
te Output Enable HIGH, 
(Note 2) | Whichever Comes 
First, to Output Float 
Output Hold from 
Addresses, CE, or OE, 
Whichever Occured First 


Notes: 


Pale. 0 


Test yes —90V05, 
a ia -90 
aoe Address to Output Delay | CE = OE = V3 me Se ee 


1. V.. must be applied simultaneausly or before V,,, and removed simultaneously or after V,,.. 


2. This parameter is only sampled, not 100% tested. 


3. Caution: The Am27H10 must not be removed from (or inserted into) a socket or board when V op OF V., is applied. 


4. Output Load: 1 TTL gate and C = C, 
Input Rise and Fall Times: 5 ns 
Input Pulse Levels: 0 to 3 V 


Timing Measurement Reference Level — 1.5 V for inputs and outputs 


SWITCHING TEST CIRCUIT 


R, = 1212 


a Vi = 1.9V 
Ci = 30pF 
Cio = SpF 


12750-004A 
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SWITCHING TEST WAVEFORM 


3V 
e : 
OV 


Input Output 


AC Testing: Inputs are driven at 3.0 V for a logic "1" 
and 0 V for a logic "0". Input pulse rise 
and fall times are <5 ns. 


12750-005A 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 


Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


SWITCHING WAVEFORMS 
3V 
Addresses @1.5V Addresses Valid 
OV 
CE 
ICE 
OE 
OE 
tACC 
(Note 1) 
(ee EE 
Notes: 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


1. OE may be delayed up tot, - t,, after the falling edge of CE without impact on t,... 
2. t,, is specified from OE or CE, whichever occurs first. 


Please refer to the Am27C010 data sheet for Programming Information. 


Am27H010 


Center 
Line is High- 
Impedance 
“Off” State 
KS000010 
1.5V 
'OH 
Bet ES High-Z 
Valid Output 
12750-006A 
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Am27HB010 


1 Megabit (131,072 x 8-Bit) Burst Mode CMOS EPROM 


DISTINCTIVE CHARACTERISTICS 
mw High speed 
- 50ns random access 
— 15 ns burst access 
m No burst boundary 
= No burst limit 
= Pin compatible with Am27C010 


GENERAL DESCRIPTION 


The Am27HB010 is a 1 megabit ultraviolet erasable pro- 
grammable read-only memory. It is organized as 128K 
words by 8 bits per word. Two modes are available to ac- 
cess the data. Random access mode is selected by 
placing Vin on the Vpp/BURST pin and this allows full 
random access to the data. Burst access is selected by 
placing Vion the Vpee/BURST pin which allows high 
speed access to sequential data. Burst mode may be 
entered without regard to page or word boundaries and 
may be sustained all the way up to the physical device 
boundary (128K bytes) if required. 


The Am27HB010 is ideal for use with the fastest proces- 
sors due to the high speed random access time. This de- 


BLOCK DIAGRAM 


Advanced 
Micro 
Devices 


= Supports all “Burst” microprocessors 
— Am29000 compatible 

mw Single +5 V power supply 

+ 10% power supply tolerance available 

High speed Flashrite™ programming 

- Typically less than 30 seconds 


vice also achieves maximum performance with all of 
today’s “burstable” processors due to the extremely fast 
burst mode access time. Designers may take full advan- 
tage of high speed digital signal processors and micro- 
processors by allowing code to be executed at full speed 
directly out of EPROM. 


The Am27HB010 is programmed using AMD's 
Flashrite™ programming algorithm which allows the en- 
tire chip to be programmed typically in less than 
30 seconds. 


This device is available in 32-pin windowed DIP as well 
as surface mount packages and is offered in commer- 
cial, industrial and extended temperature ranges. 


Ai — Ais 1,048,576-Bit DQo — DQ7 
Address EPROM Cell Output Data 
Inputs Matrix Buffers Outputs 


CE Control 


VeP/B Logic 
M 


Family Part No. 
Vcc +5% 
Vcc +10% 


Max Access Time (ns) 
Burst Access (ns) 
CE (B Access (ns) 


14970-001B 


OE (G) Access (ns) 
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Publication # 14970 Rev. B 
Issue Date: March 1991 


Amendment /0 


AMD &4 | ADVANCE INFORMATION 
CONNECTION DIAGRAMS | 


Top View 
DIP LCC* 
Vpp/BURSI 
PGM (P) 
A14 
Ai3 
Ag 
Ag 
24 [] OE (G) Ait 
OE (G) 
22 1] CE(B) A10 
CE (E) 
DQo 
14970-002B 14970-003B 
Note: 
JEDEC nomenclature is in parenthesis *Also available in a 32-pin PLCC. 

PIN DESCRIPTION 

Ao-Ais Address Inputs PGM (P) Program Enable Input 

CE (E) Chip Enable Input Vcc Vcc Supply Voltage 

DQo—DQ7 _ Data Input/Outputs Ver/BURST Program Supply Voltage 

OE (G) Output Enable Input & Burst Enable 

CLK Clock GND Ground 

NC No Internal Connection 
LOGIC SYMBOL 
Vpp/BU 
14970-004B 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: Device Number 

. Speed Option 

c. Package Type 

d. Temperature Ran 

@. Optional Processing 


op 


AM27HB010 


-50 D Cc B 
i e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (40 to +85°C) 
E = Extended Commercial (—55 to +125°C) 
c. PACKAGE TYPE 
D = 32-Pin Ceramic DIP (CDV032) 
L = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLV032) 
b. SPEED OPTION 


See Product Selector Guide and Valid 
Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27HB010 
1 Megabit (128K x 8) High Speed Burst Mode CMOS UV EPROM 


LC, LI, LGB, LIB 
DC, DCB, DE, DEB, DI, DIB, 
LC, LCB, LI, LIB, LE, LEB 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local 
AMD sales office to confirm availability of specific valid 
combinations or to check on newly released 
combinations. 
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ORDERING INFORMATION 
OTP Products (Preliminary) 


AMD standard products are available in several pagneges and operating ranges. The order number (Valid Combination) is 


formed by a combination of: Device Number 
b. Speed Option 
c. Package Type 
d. Temperature Range 
e. Optional Processing 
AM27HB010 


e. OPTIONAL PROCESSING 
Blank = Standard processing 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


c. PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded Chip 
Carrier (PL 032) 


b. SPEED OPTION 
See Product Selector Guide and Valid 
Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27HB010 
1 Megabit (128K x 8) High Speed Burst Mode CMOS OTP EPROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations. 


| Valid Combinations sd Combinations 


AM27HB010-60 
AM27HB010-60V05 PC, JC 
AM27HB010-90 
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ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense noplceiions are available in several packages and operating ranges. 
APL bp hee: Products ae sips are f a with MIL-STD-883C requirements. The order number 
(Valid Combination) is form a sombiation of: 


: Device Number 
c. Device Class 
e. Lead Finis 


AM27HB010 -60 IB xX & 


er e. LEAD FINISH 


A = Hot Solder Dip 


d. PACKAGE TYPE 
X = 32-Pin Ceramic DIP (CDV032) 
U = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLV032) 


DEVICE CLASS 
/B = Class B 


9 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27HB010 
1 Megabit (128K x 8) High Speed Burst Mode CMOS UV EPROM 


Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 
ability of specific valid combinations, or to check 
on newly released combinations. 


Valid Combinations 


AM27HB010-60 /BXA, /BUA 
AM27HB010-90 


Group A Tests 


Group A tests consist of Subgroups 
1,-2, 3; 73,9, 10,14. 
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FUNCTIONAL DESCRIPTION 


Erasing the Am27HB010 


In order to clear all locations of their programmed con- 
tents, it is necessary to expose the Am27HB010 to an 
ultraviolet light source. A dosage of 15 W seconds/cm? 
is required to completely erase an Am27HB010. This 
dosage can be obtained by exposure to an ultraviolet 


lamp—wavelength of 2537 Angstroms (A) — with inten-_ 


sity of 12,000 yW/cm? for 15 to 20 minutes. The 
Am27HB010 should be directly under and about one 
inch from the source and all filters should be removed 
from the UV light source prior to erasure. 


It is important to note that the Am27HB010, and similar 
devices, will erase with light sources having wave- 
lengths shorter than 4000 A. Although erasure times will 
be much longer than with UV sources at 2537A, never- 
- theless the exposure to fluorescent light and sunlight will 
eventually erase the Am27HB010 and exposure to them 
should be prevented to realize maximum system reli- 
ability. If used in such an environment, the package 
window should be covered by an opaque label or 
substance. 


Programming the Am27HB010 


Upon delivery, or after each erasure, the Am27HB010 
has all 1,048,576 bits in the “ONE”, or HIGH state. “ZE- 
ROs” are loaded into the Am27HB010 through the pro- 
cedure of programming. 


The programming mode is entered when 12.75+0.25V 
is applied to the Vee pin, and CE and PGM are at ViL, and 
OE is at Vin. For programming, the data to be pro- 
grammed is applied 8 bits in parallel to the data output 
pins. 


The Flashrite programming algorithm reduces program- 
ming time by using initial 100 us pulses followed by a 
byte verification to determine whether the byte has been 
successfully programmed. If the data does not verify, an 
additional pulse is applied for a maximum of 25 pulses. 
This process is repeated while sequencing through 
each address of the EPROM. 


The Flashrite programming algorithm programs and 
verifies at Vcc = 6.25 V and Vpp = 12.75 V. After the final 
address is completed, all bytes are compared to the 
original data with Vcc = Vpp = 5.25 V. 


Program Inhibit 


Programming of multiple Am27HB010s in parallel with 
different data is also easily accomplished. Except for 
CE, all like inputs of the parallel Am27HB010 may be 
common. A TTL low-level program pulse applied to an 
Am27HB010 CE input with Vpp = 12.75+ 0.25 V, PGM is 
LOW, and OE HIGH will program that Am27HB010. A 
high-level CE input inhibits the other Am27HB010 from 
being programmed. 


Program Verity 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 


verify should be performed with OE and CE at Vi_, PGM 
at Vin, and Vpp between 12.5 V to 13.0 V. 


Auto Select Mode 


The auto select mode allows the reading out of a binary 
code from an EPROM that will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching 
the device to be programmed with its corresponding 
programming algorithm. This mode is functional in the 
25°C + 5°C ambient temperature range that is required 
when programming the Am27HB010. 


To activate this mode, the programming equipment 
must force 12.0 +t 0.5 V on address line Ag of the 
Am27HB010. Two identifier bytes may then be se- 
quenced from the device outputs by toggling address 
line Ao from Vit to Vin. All other address lines must be 
held at Vi. during auto select mode. 


Byte 0 (Ao = Vi) represents the manufacturer code, and 
byte 1 (Ao = Vin), the device identifier code. For the 
Am27HB010, these two identifier bytes are given in the 
Mode Select table. All identifiers for manufacturer and 
device codes will possess odd parity, with the MSB 
(DQz7) defined as the parity bit. 


Random Read Mode 


The Am27HB010 has three control functions that must 
be logically satisfied in order to obtain random access 
data at the outputs. Chip Enable (CE) is the power con- 
trol and should be used for device selection. Output En- 
able (OE) is the output control and should be used to 
gate data to the output pins, independent of device se- 
lection. Vpp/BURST must be at Vin. Assuming that ad- 
dresses are stable, address access time (tacc) is equal 
to the delay from CE to output (tce). Data is available at 
the outputs toe after the falling edge of OE, assuming 
that CEhas been LOW and addresses have been stable 
for at least tacc — toe. 


Initial Burst Access 


The Am27HB010 will enter the burst-mode when both 
VpP/BURST and CE are at logic ‘0’. The last pin to switch 
from Vin to Vit (either Ver/BURST or CE), will determine 
the exact entry into the burst-mode. At this time the ad- 
dresses (Ao—Aie) are latched internally to the device for 
the remainder of the burst access. There are no bound- 
ary address conditions for entering the burst-mode. The 
access time for the initial access is measured from when 
the addresses (A: — Ais) are stable. The delay in Aowill 
have no effect on access speed as long as the condi- 
tions listed in Switching Characteristics are met. 


Burst Read Mode 


After the initial access, sequential bytes of data may be 
accessed by toggling the Ao/CLK signal. Data will be 
available in the specified burst access time. There are 
no minimum or maximum amounts of data required for a 
burst. The device will perform a one byte burst or con- 
tinue to the physical end of the device, 128K if required. 
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The device will also wrap around and go to the very 
beginning of the memory once the physical boundary of 
the device is reached. To exit burst mode, Vep/BURST is 
toggled from Vit to Vin. 


Burst Suspend Mode 


Burst mode may be suspended by removing CE while 
Vppe/BURST is still at Vi. To resume burst mode, Vpp/ 


BURST remains at Vit while CE is re-asserted. Data will 
then be available within the burst access time. 


Standby Mode 


The Am27HB010 has a TTL standby mode which 
reduces the maximum Vcc current to 20% of the active 
current. It is placed in standby mode when CE and Vpp/ 
BURST is at Vin. The amount of current drawn in 
standby mode depends on the frequency and the num- 
ber of address pins switching. The Am27HBO010 is 
specified with 50% of the address lines toggling at 
10 MHz. A reduction of the frequency or quantity of 
address lines toggling will significantly reduce the actual 
standby current. The Vcc DC current can further be de- 
creased to 1 mA by placing all inputs at steady CMOS 
_ logic levels. 


Output OR-Tieing 


To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


AMD ol 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 
are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1 uF Ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on EPROM ar- 
rays, a 4.7 uF bulk electrolytic capacitor should be used 
between Vcc and GND for each eight devices. The loca- 
tion of the capacitor should be close to where the power 
supply is connected to the array. 


Mode Select Table 


vee MLR eb tas set ea 
— ea a ok ewe ag 
es OS So a Oe a SS = ae 
aa “pu [wl x tx txt.) oe 
PBURST Read VE We TX OE | OX ae eam: onc 
aS Se ee ee Sa 
[ProgrmVeriy | va_| va_| vw | x |x | ve | Don 
[Program inhibit | vw | x | x |x | x | ve | wz 
Auto Select Mauls va [va [| vee fv [or 
(Wits $8 neice Code a tw 1 xl wm lw lv Loe 


Notes: 


1. VH=12.0V+05V 

2. X= Either Vit or Vin (cannot exceed Vcc + 0.5 V) 

3. — As = Aio— Aié = Vit 

4. See DC Programming Characteristics for Vpp voltage during programming. 

5. The Am27HB010 uses the same Flashrite algorithm during program as the Am27C010. 

6. Vii <0.8 V; ViH> 2.0 V 

7. BURST suspend is entered only when CE toggles from Vit to Vi during Burst Mode operation. 
2-128 Am27HB010 


amD& de 
ABSOLUTE MAXIMUM RATINGS 


Storage Temperature: 
OTP product —65 to +125°C 
All other products —65 to +150°C 
Ambient Temperature 
with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 
All pins except Ao, Ver, and 
Vcc (Note 1) —0.6 to Vcc +0.6 V 
Ag and Vpp (Note 2) —0.6 to 13.5 V 
Vcc —0.6 to 7.0 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. This is a stress rat- 
ing only; functional operation of the device at these limits or 
any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure of the 
device to absolute maximum ratings for extended periods 
may affect device reliability. 

Notes: 


1. During transitions, the input may overshoot GND to —2.0 
V for periods of up to 10 ns. Maximum DC voltage on in- 
put and I/O may overshoot to Vcc + 2.0 V for periods of 
up to 10 ns. 


2. During transitions, Ag and Vpp may overshoot GND to 


-2.0 V for periods of up to 10 ns. Ag and Vpp must not 
exceed 13.5 V for any period of time. 
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OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) 0 to +70°C 
industrial (1) Devices 

Case Temperature (Tc) —40 to +85°C 

_Extended Commercial (E) Devices 

Case Temperature (Tc) —55 to +125°C 
Military (M) Devices 

Case Temperature (Tc) —55 to +125°C 
Supply Read Voltages: 

Vec for Am27HB010-XXV05 +4.75 to +5.25 V 

Vcc for Am27HB010-XX +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. : 
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DC CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 4, 5 & 8) (for APL Products, Group A, Subgroups 1, 2, 3, 7, and 8 are tested 
unless otherwise noted) 3 


VoH 

Vor Output LOW Voltage lo. = 12 mA (C Devices) 
lot = 10 mA (I Devices) 
lo. = 8 mA (E/M Devices) 

Vin 


SRA TTC LCT ee Sa 
[Vu [input LOW votage (Note9) | Sn 
[hur [nputLoad Curent + Vw OVioVoos05V 

[ino | Output Leakage Current | Vour=0Vto+Voo 


Vcc Active Current (Note 5) 


Icc2 Vcc Standby Current (TTL) CE = Vin 
Vpp/BURST = Vin 
Vpe/BURST = Vcc — 0.3 V to 
CAPACITANCE (Notes 2, 3, & 7) 


VIN = 
VouT = 
f= 10 Miz C/I Devices 
Iccs Vcc Standby Current (CMOS) 
Vec + 0.5 V 
Parameter 
Symbol | Parameter Description Test Conditions 


lout = 0 mA ‘ 
(Open Outputs) 
CE = Vcc — 0.3 V to Vcc + 0.5 V 
Vpp Current During Read (Note 6)| CE = OE = Vir, Ver = Vcc 
Address Input Capacitance 


Ver Input Capacitance 
Output Capacitance Vout =0V 


Notes: 


. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

. Typical values are for nominal supply voltages. 

. This parameter is only sampled, not 100% tested. 

. Caution: The Am27HBO010 must not be removed from (or inserted into) a socket when Vpp or Vcc is applied. 
. lcci is tested with OE = Vi to simulate open outputs. 

Maximum active power usage is the sum of Icc and IpP1. 

TA = 25°C, f = 1 MHz. 


During transitions, the inputs may overshoot to —2.0 V for periods less than 10 ns. 
Maximum DC voltage on output pins may overshoot to Vcc + 2.0 V for periods less than 10 ns. 


9. Tested under static DC conditions. 


ONO FWD = 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 


(Notes 1, 3, & 4) 


Parameter Symbols 
Parameter -50 -60 
-50V05/-60V05 


Standard |Description Test Conditions 


CE = OF = Vi, Ci = Ci | 50 | 60 |90| ns_ 


tBacc Burst Access Time CE = OE = Vpp/BURST- Vi, te oe 
Ci = Cu 
teLav | tce Chip Enable to OE = Vit, Ct = Cu 
Output Delay 
tcLav Output Enable to CE = Vu, Ci = Cut 
Output Delay 
Output Enable to CE = Vi, Ci = Ci2 
Output Float 
tseT Address Setup to CE = Vu, Ci = Cui 
BURST or CE Enable 
Address Hold to E= Vu, Cr = Cu 
BURST or CE Enable 
co ae Minimum Low Time for | CE = OE = Ver/BURST- Vi, a 
for Aoto Stat BURST /|Ci=Ct1 
BURST Suspend Setup | Vep/BURST = Vi, 
Time Ci = Cu 
BURST Suspend Hold | Vpp/BURST = Vit 
Time Ci = Cu 
ee BURST Resume Setup | Ver/BURST = Vi, 0 | 6 26) oe 
Time Ci = Ct 
taternMcLK |BURST Terminate Setup| Vep/BURST = Vin, 
to Ao/CLOCK Time Ci = Cu 
tBCLK Minimum CLOCK HIGH | CE = OE = Vepe/BURST- Vi, 
Time (Note 7) Ci = Cu 
tBCLKB Minimum CLOCK LOW | CE = OE = Vpp/BURST- Vi, 
Time (Note 7) Ci = Cut 


Notes: 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
. This parameter is only sampled, not 100% tested. 


2 
3. Caution: The Am27HBO10 must not be removed from (or inserted into) a socket or board when Vpp or Vcc is applied. 
4 


. Output Load: 1 TTL gate and C = CL 


Input Rise and Fall Times: 3 ns for -50; 5 ns for -60; 7 ns for -90 
Input Pulse Levels: 0 to 3 V 
Timing Measurement Reference Level: 1.5 V for inputs and outputs 


5. Transient Input Low Voltages to —-2.0 V with 10 ns duration at the 50% amplitude point are permitted. 
6. To guarantee Initial Burst Access, tseT + tpCLKLOW + tHOLD > tACc. 


7. Burstclocks should have 50% duty cycle. Clock skews are allowed as long as minimum tBcLk and tBcLkB specifications 
are met and tBacc = tBCLK + tBCLKB. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


Must Be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


OUTPUTS 


Will Be 
Steady 


Will Be 
Changing 
from H to L 


Will Be 
Changing 
from L to H 


Don’t Care Changing 
Any Change State 
Permitted Unknown 


Does Not Center 

Apply Line is High 
Impedance 
“Off” State 


. KS000010 


SWITCHING TEST CIRCUIT 


Device 
Under 
Test 


9 VL 


Ri = 1219 
VL = 1.9V 
CL Ci1 = 30pF 
Ci2 = SpF 
14970-005B 
SWITCHING TEST WAVEFORM 
3V 
OV 
Input Output 


AC Testing: Inputs are driven at 3.0 V for 
a logic “1” and 0 fora 
logic “O”. Input pulse rise 
and fall times are <3 ns for 
—50; < 5 ns for -60; and 


< 7 for -90. 14970-006B 
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AMD & 4 | ADVANCE INFORMATION 
SWITCHING WAVEFORMS (Read Timings—Random Access Mode) 


Sean pow a ees eee 
Addre 
Addresses 1.5V v sid 1.5V 
OV. eceeeceenesevcrstil | Wteemanesiarieipeneeuiysianlaniensivatifionen st ie ene a 
CE 
tCE 
OE 
tOE 
(Note 2) 
tAcc ton 
(Note 1) 
Output High-Z SEES! Sees erase 
NANARS Output 


Notes: 
1. OE may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 
2. tor is specified from OE or CE, whichever occurs first. 14970-0078 


SWITCHING WAVEFORMS (Burst Mode) 


Ar— Ars a. XXX XA 


Se 


Pal iz 


—— 
Outputs Ig a aa em a) 


tacc 
t8TERMCLK 
Initial Burst Burst 
Burst Access (3 Bytes) Burst Suspend Resume Burst Terminate 
14970-008B 
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PROGRAMMING FLOW CHART 


_ Address = First Location 
Vpp = 12.75 V 
Program One 100 ps Pulse 


Interactive 


Section 
Yes 
Increment Address 
Voc = Vpp = 5.25 V 
Verify Section 


Device Failed 


Pass 


14970-009B 
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AMD © | ADVANCE INFORMATION 
DC PROGRAMMING CHARACTERISTICS (Ta = +25°C +5°C) (Notes 1, 2, & 3) 


Parameter 
Symbol | Parameter Description Test Conditions 


| tu__| Input Current (Allinputs) =| =SVin=VuorVn =| —|_— 10.0 _| pA | 
input LOW Level (Alll Inputs pA Se ee eee 
eee. eee es Sete ee ee ee 
| _Vor___| OutputLOW Voltage During Verity =| _la=12mA_ S| —— |] 045 | VL 
Output HIGH Voltage During Verif Se) See on ee ee Se 
Se ee a ee eee Sees ee ee eee 
|__Iccs__| Vcc Supply Current (Program & Verify) [| ===] S| 0 mA 


|_!pp2 | VepSupply Current (Program) | CE=Vu,OE=Vm | | 50_—|s mA 
Pas Ce ee a ee eee ee 
eee La eee aoe Be ees SE a ee 


SWITCHING PROGRAMMING CHARACTERISTICS (Ta = +25°C +5°C) (Notes 1, 2, & 3) 


Parameter 


Standard 


tDZGL 
tDVEL 


Parameter Description 


te | Address Setip tine 
S| a 
ae See eek eres eee ees 
. | arn 
ees oO eS Sar oe 
[tor |” Output Enable Output Foat Delay [0 
2 ee a ee ee 
a ee 
ae aes Se ee 
it = Te = a 

ae es Sees 


CE Setup Time 
1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 


Data Valid from OE 
Notes: 


2. When programming the Am27HBO010, a 0.1 .F capacitor is required across Vpp and ground to suppress spurious voltage 
transients which may damage the device. 


3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 
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ADVANCE INFORMATION AMD & 4 
PROGRAMMING ALGORITHM WAVEFORM (Notes 1 & 2) 


Program Program Verify 
VIN 


is : 


tAH 
comm a 
Hi-Z 
Data Data In Stable Data Out Valid 
| ct 


Vpp 

Vec1 VPS 
Vcc 

Vcc 

tvcs 

VIH 
CE 

Vit 


tCES 
vn esis Oe eae 


ViL 
VIH lOES 


Vit 


1. The input timing reference level is 0.8 for a Vit and 2 V for a ViH. 
2. toe and tpFP are characteristics of the device but must be accommodated by the programmer. 
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Am27C100 


1Megabit (131,072 x 8-Bit) ROM Compatible CMOS EPROM 


DISTINCTIVE CHARACTERISTICS 
@ EIAJ 32-pin DIP package 
m@ Pinout compatible with 28-pin ROM 
@ Fast access time 

-— 100 ns 
m@ Low power consumption 

— 100 pA typical standby current 


GENERAL DESCRIPTION 


The Am27C100 is a 1 megabit ultraviolet erasable pro- 
grammable read-only memory. The 32 pin EIAJ pinout 
is compatible with 28 pin megabit ROMs. The memory 
is organized as 128K words by 8 bits per word, operates 
from a single + 5 V supply, has a static standby mode, 
and features fast single address location programming. 
Products are available in windowed ceramic DIP and 
plastic one time programmable (OTP) packages. 


Any byte can be accessed in less than 120 ns, allowing 
operation with many high-performance microprocessors 
without any WAIT states. The Am27C100 offers sepa- 
rate Output Enable (OE) and Chip Enable (CE) controls, 


BLOCK DIAGRAM ee 
O- Vss 
O-— V,, 

PRODUCT SELECTOR GUIDE 


Family Part No. 


Ordering Part Number: 
re. + 5% 


Voc + 10% 


CE (E) Access Time (ns) 
OE (G) Access Time (ns) 


Publication# 12566 Rev. B Amendment 
Issue Date: March 1991 


Ce ee ee eee ee 
|Max.AccessTime(ns) | 100 S| 120 | 150 | 200 | 250 
ee ae ee ee 
Pree Pe ee BE 


Advanced 
Micro 
Devices 


High speed Flashrite™ programming 
Single + 5 V power supply 

+ 10% power supply tolerance available 
Latch-up protected to 100 mA from -1 V to 
Voce +1V 


thus eliminating bus contention in a multiple bus micro- 
processor system. 


AMD's CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power 
consumption is only 100 mW in active mode, and 250 uW 
in standby mode. 


All signals are TTL levels, including programming sig- 
nals. Bit locations may be programmed singly, in blocks, 
or at random. The Am27C100 supports AMD's Flashrite 
programming algorithm (0.1 ms pulses) resulting in 
typical programming times of less than 30 seconds. 


Data Outputs 
DQ,- DQ7 


—, 


1,048,576-Bit 
Cell Matrix 


12566-001A 


Am27C100 
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CONNECTION DIAGRAM 
Top View 
DIPs 
12566-002A 
Note: 
1. JEDEC nomenciature is in parentheses. 
LOGIC SYMBOL 


10205A-002A 


PIN DESCRIPTION 


AA = Address Inputs 


CE(E) = Chip Enable Input 
DQ—DQ, = Data Input/Outputs 


0 7 
OE(G) = Output Enable Input 
PGM (P) = Program Enable Input 
Vow = V,., Supply Voltage 
Vop = Program Supply Voltage 
GND = Ground 
NC = No Internal Connect 
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ORDERING INFORMATION 
Standard Information 


AMD Standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of: 


AM27C100 -105 D Cc 


a. DEVICE NUMBER 
Am27C100 


. Device Number 

. Speed Option 

. Package Type 

. Temperature Range 
. Optional Processing 


Co » 


eoao 


: 


e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to 70°C) 
| = Industrial (-40 to +85°C) 


c. PACKAGE TYPE 
D = 32-Pin Ceramic DIP (CDV 032) 


b. SPEED OPTION 


See Product Selector Guide and Valid Combinations 


1 Megabit (128K x 8) ROM Compatible CMOS UV EPROM 


Valid Combinations 


DC, DCB, DI, 
DIB 


Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability 
of specific valid combinations, and to check on 
newly released combinations. 


Am27C100 
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ORDERING INFORMATION 
OTP Products 
AMD Standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 
b. Speed Option 
c. Package Type 
d. Temperature Range 
e. Optional Processing 
AM27C100 -125 P C 


aes e. OPTIONAL PROCESSING 
Blank = Standard processing 
: d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
c. PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
b. SPEED OPTION 


See Product Selector Guide and Valid Combinations 


a. DEVICE NUMBER 
Am27C100 
1 Megabit (128K x 8) CMOS ROM compatible OTP EPROM 


Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability 
of specific valid combinations, and to check on 
newly released combinations. 


Valid Combinations 


AM27C100-125 
PC 
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FUNCTIONAL DESCRIPTION 


Erasing the Am27C100 

In order to clear all locations of their programmed con- 
tents, it is necessary to expose the Am27C100 to an 
ultraviolet light source. A dosage of 15 W seconds/cm* is 
required to completely erase an Am27C100. This dos- 
age can be obtained by exposure to an ultraviolet Lamp- 
wavelength of 2537 Angstroms (A)-with intensity of 
12,000 W/cm? for 15 to 20 minutes. The Am27C100 
should be directly under and about one inch from the 
source and all filters should be removed from the UV light 
source prior to erasure. 


It is important to note that the Am27C100, and similar 
devices, will erase with light sources having wavelengths 
shorter than 4000 A. Although erasure times willbe much 
longer than with UV sources at 2537 A, nevertheless the 
exposure to fluorescent light and sunlight will eventually 
erase the Am27C100 and exposure to them should be 
prevented to realize maximum system reliability. lf used 
in such an environment, the package window should be 
covered by an opaque label or substance. 


Programming the Am27C100 

Upon delivery, or after each erasure, the Am27C100 has 
all 1,048,576 bits in the “ONE”, or HIGH state. “ZEROs” 
are loaded into the Am27C100 through the procedure of 
programming. 


The programming mode is entered when 12.75 + 0.25 V 
is applied to the V,,,, pin, CE and PGM is at V, , and OE is 
at V,,,. 


For programming, the data to be programmed is applied 
8 bits in parallel to the data output pins. 


The Flashrite programming algorithm (shown in Figure 
1) reduces programming time by using initial 100 us 
pulses followed by a byte verification to determine 
whether the byte has been successfully programmed. If 
the data does not verify, an additional pulse is applied for 
a maximum of 25 pulses. This process is repeated while 
sequencing through each address of the EPROM. 


The Flashrite programming algorithm programs and 
verifies at V..= 6.25 V and V,,, = 12.75 V. After the final 
address is completed, all bytes are compared to the 
original data with V,,. = V,, = 5.25 V. 


Program Inhibit 

Programming of multiple Am27C100s in parallel with 
different data is also easily accomplished. Except for CE, 
all like inputs of the parallel Am27C100s may be com- 
mon. A TTL low-level program pulse applied to an 
Am27C100 CE input with V,,, = 12.75 + 0.25 V, PGM is 
LOW, and OE HIGH will program that Am27C100. A 
high-level CE input inhibits the other Am27C100s from 
being programmed. 


Program Verity 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify should be performed with OE and CE at V,, PGM 
at V,,,, and V,,, between 12.5 V and 13.0 V. 


Auto Select Mode 

The auto select mode allows the reading out of a binary 
code from an EPROM that will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching the 
device to be programmed with its corresponding pro- 
gramming algorithm. This mode is functional in the 25°C 
+ 5°C ambient temperature range that is required when 
programming the Am27C 100. 


To activate this mode, the programming equipment must 
force 12.0 + 0.5 V on address line A, of the Am27C100. 
Two identifier bytes may then be sequenced from the 
device outputs by toggling address line A, from V, to V,,.. 
All other address lines must be held at V,, during auto 
select mode. 


Byte 0 (A, = V,,) represents the manufacturer code, and 
byte 1(A, = V,,), the device identifier code. For the 
Am27C100, these two identifier bytes are given in the 
Mode Select table. All identifiers for manufacturer and 
device codes will possess odd parity, with the MSB (DQ.) 
defined as the parity bit. 


Read Mode 

The Am27C100 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. As- 
suming that addresses are stable, address access time 
(t,c¢) is equal to the delay from CE to output (t,.). Data 
is available at the outputs to, after the falling edge of OE, 
assuming that CE has been LOW and addresses have 
been stable for at least t,.— to,. 


Standby Mode 
The Am27C100 has a CMOS standby mode which 


_ reduces the maximum V¢, current to 100 pA. Itis placed 


in CMOS-standby when CE is at Vo, + 0.3 V. The 
Am27C100 also has a TTL-standby mode which re- 
duces the maximum Ve, current to 1.0 mA. It is placed 
in TTL-standby when CE is at V,,. When in stand-by 
mode, the outputs are in a high-impedance state, inde- 
pendent of the OE input. 


Output OR-Tieing 

To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 

1. Low memory power dissipation, and 


2. Assurance that output bus contention will not 
occur. 


Am27C100 
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It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and 
connected to the READ line from the system control 
bus. This assures that all deselected memory devices 
are in their low-power standby mode and that the output 
pins are only active when data is desired from a par- 
ticular memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced onthe rising 


MODE SELECT TABLE 


[Mode Pins 


Standby (CMOS) 


H 


Program Verify 
Program Inhibit 


Auto Select 


; 
"> | Say a es Sf 


IH 
IL 


“|= 


(Note 3) 


Notes: 

1. Vi = 120V+i05V 

2. X = Either V,,orV, 
3. A, -A,= Figg = Ve 


“ul 
- | =| 
o nad 


AMD ra 


and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the output 
capacitance loading of the device. At a minimum, a 0.1 
uF ceramic capacitor (high frequency, low inherent in- 
ductance) should be used on each device between V 
and GND to minimize transient effects. In addition, to 
overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on EPROM 
arrays, a 4.7 uF bulk electrolytic capacitor should be 
used between V,. and GND for each eight devices. The 
location of the capacitor should be close to where the 
power supply is connected to the array. 


< 
x) KL < |<<] KI KT XT xX 
3 13 


4. See DC Programming Characteristics for V,,, voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
OTP products —§5 to 125°C 
All other products —65 to 150°C 
Ambient Temperature 
with Power Applied —55 to +125°C 


Voltage with Respect to Ground: 
All pins except A,, V,,, and 


Veg (Note 1) -0.6 to V,,, +0.6 V 
A, and V,,, (Note 2) —0.6 to 13.5 V 
Wi. -0.6 to 7.0 V 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. This is 
a stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure of the 
device to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 


1. During transitions, the inputs may overshoot GND to 
—2.0 V for periods of up to 20 ns. Maximum DC voltage 
on input and I/O may overshoot to V.. + 2.0 V for periods 
up to 20 ns. 

2. During transitions, A, and V,, may overshoot GND to 
~2.0 V for periods of up to 20 ns. A, and V,,, must not 
exceed 13.5 V for any period of time. 


OPERATING RANGES 
Commercial (C) Devices 
Case Temperature (T,) 0 to +70°C 
industrial (1) Devices 
Case Temperature (T,) —40 to +85°C 
Supply Read Voltages: 
Voc for Am27C100-XX5 +4.75 to + 5.25 V 
Veg for AM27C100-XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the 
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DC CHARACTERISTICS over operating range unless otherwise specified. 
(Notes 1, 4, 5, and 8) 


TTL and NMOS Inputs 


Parameter 
Symbol | Parameter Description Test Conditions 


Output HIGH Voltage I, = - 400 pA 
Output LOW Voltage I, = 2.1 mA 


J eee 
ee 


Input Load Current Vy=OVto+V,, 
Output Leakage Current Vour = 0 V to + V,, 


: 
2 
© 


V¢ Active Current CE = V,, f =5 MHz 
Note 5 Open Outputs 
V.. Standby Current CE=V 


ed 
V,» Current During Read | CE=OE=V,, V,. =Voo 
(Note 6) 
Parameter 
Symbol Parameter Description Test Conditions 


Output HIGH Voltage lon = — 400 pA 
Ouiput LOW Voltage 


mA 
A 


m 


Input HIGH Voltage Pe ea ee gs tee 
input LOW Voltage Sr a ee Ree 


| 
Input Load Current V,, =0V to + Vi, 
Output Leakage Current Vour = 0 V to + Vo, 


Vig Active Current CE = V,, f= 5 MHz 
(Note 5) lour = 0 MA (Open Outputs) 


Veg Standby Current CE=V,,+ 0.3 V 


V,, Current DuringRead | CE=OE=V,, V,,=Voo 
(Note 6) 


bl sbi ild-lde | | = 


2-144 Am27C100 


AMD ci 
CAPACITANCE (Notes 2, 3, and 7) 


Parameter 
Symbol Parameter Description | Test Conditions 


Address Vy=OV 


Input Capacitance 


Notes: 

. Vo¢ must be applied simultaneously or before V,,, and removed simultaneously or after V_,. 

. Typical values are for nominal supply voltages. 

. This parameter is only sampled, not 100% tested. 

. Caution: the Am27C100 must not be removed from (or inserted into) a socket when V_. or V., is applied. 

- loc, iS tested with OE = V,, to simulate open outputs. 

Maximum active power usage is the sum of |. and I... 

. T,=+25°C, f= 1 MHz. 

. During transitions, the inputs may overshoot to —2.0 V for periods less than 20 ns. Maximum DC Voltage on input pins 
may overshoot to V. + 2.0 V for periods less than 20 ns. 


ONOnNLWNH = 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


(Notes 1, 3, and 4) 


& 
3 
RS 
| 
© 
“ 
S 


mae estes Standard} Parameter Description 


Address to 
Output Delay 


Chip Enable to 
Output Delay 


Output Enable to 
Output Delay 


Chip Enable HIGH or 

Output Enable HIGH, 
(Note 2)} Whichever Comes 

First, to Output Float 


Output Hold from 
Addresses, CE, or OE, 
Whichever Occurred First 


on 


Notes: 
. Vo must be applied simultaneously or before V,,, and removed simultaneously or after V,,. 
. This parameter is only sampled, not 100% tested. 
. Caution: The Am27C100 must not be removed from (or inserted into) a socket or board when V,, or V., is applied. 
Output Load: 1 TTL gate and C, = 100 pF 
Input Rise and Fall Times: 20 ns 
Input Pulse Levels: 0.45 to 2.4 V 
Timing Measurement Reference Level - Inputs: 0.8to2.0V 
Outputs: 0.8 to 2.0V 


Pw = 


SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM 
mer 20 20 
By > TEST POINTS & 
OaBy 0.8V 0.8V 


INPUT OUTPUT 


DIODES = IN3064 
OR EQUIVALENT 


AC Testing: Inputs are driven at 2.4 V for a logic "1" and 0.45 V for a logic "0". 
Input pulse rise and fall times are < 20 ns. 


Cy = 100 pF including jig capacitance. 


10205A-004A 10205B-009A 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


MUST BE 
STEADY 


MAY CHANGE WILL BE 


CHANGING 
FROM H TOL FROM H TO L 


MAY CHANGE 
FROML TOH 


CHANGING, 
STATE 
UNKNOWN 
KS0000 10 
SWITCHING WAVEFORMS 
aA 2.0 Sei ae 
ADDRESSES ADDRESSES VALID 
0.45 0.8 Poaceae «| 
CE hie Sa 
cE 
OE 
oe (NOTE 2) 
Tacc ton 
(NOTE 1) 
HIGH-Z (TIT EEE HIGH-Z 
OUTPUT HHH VALID OUTPUT 
10205A-005A 
Notes: 


1. OE may be delayed up tot, -t,, after the falling edge 
of CE without impact on t,... 


2. t,, is specified from OE or CE, whichever occurs first. 
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START 
| ADDRESS = FIRST LOCATION 


PROGRAM ONE 100 ps PULSE 
INCREMENT X 


<< 
me 
07 O 
il ul 
» 2 
agi oe 
Ce 


INTERACTIVE 
SECTION YES 
NO 
PASS 
LAST 
INCREMENT ADDRESS ADDRESS 
i 
YES 
Voc = Vpp= 5.25 V 

VERIFY 
SECTION 


, PASS 
DEVICE PASSED 


Figure 1. Flashrite Programming Flow Chart 
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DC PROGRAMMING CHARACTERISTICS (T, = +25°C + 5°C) (Notes 1, 2, and 3) 


Parameter | 
Symbol Parameter Description Test Conditions 


Input Current (All Inputs) gel, ee 
input LOW Level Atinpai) id 
Output LOW Voltage During Verify} 1, = 2.1 mA Bt era 
Output HIGH Voltage During Verify} |, = - 400 pA eee ae 
ns 
Von | 6.00 
Ve. ee 


[Aamo Selectvotage | 
Veg Supply Current 
Manel a 


ee Se Supply Voltage 
fa, eee Programming Voltage 


Data Hold Time 


Be eee Output Enable to Output Float Delay 


tos 


PGM Program Pulse Width 
Vo Setup Time 
CE Setup Time 


Data Valid from OE 


ee 
See 
ae 
eee 
te Vp Setup Time 
Sie 
= ae 
ee 


GLQV 


Notes: 

1. V., must be applied simultaneously or before V,,, and removed simultaneously or after V,,. 

2. When programming the Am27C100, a 0.1 uF capacitor is required across V_., and ground to suppress spurious voltage 
transients which may damage the device. 

3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 


Am27C100 2-149 


Flashrite PROGRAMMING ALGORITHM WAVEFORM (Notes 1 and 2) 


Vin PROGRAM PROGRAM VERIFY 
ADDRESSES Vi} Peer eer eer ae 
TAS Hi-Z TAH _ 
DATA ‘ DATA IN STABLE > ¥ DATA OUT VALIDSS 


6 ee ee 


ViH 'ces Rees: 
PGM VIL 
Vin t t OES tog 
OE Vu —_ 
10205-0068 
Notes: 


1. The input timing reference level is 0.8 V for V, ans 2.0 V fora V,, 
2. t,, and t,,, are characteristics of the device but must be accommodated by the programmer. 
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Am27C1024 


1 Megabit (65,536 x 16-Bit) CMOS EPROM 


DISTINCTIVE CHARACTERISTICS 
@ High Speed Flashrite™ programming 


M@ Fast access time — 100 ns 


@ Low power consumption: 
— 100 nA maximum standby current 


@ Programming voltage: 12.75 V 
@ Single +5-V power supply 


GENERAL DESCRIPTION 


The Am27C1024 is a 1 megabit, ultraviolet erasable 
programmable read-only memory. It is organized as 
64K words by 16 bits per word, operates from a single 
+5-V supply, has a static standby mode, and features 
fast single address location programming. The x16 or- 
ganization makes the Am27C 1024 ideal for use in 16-bit 
microprocessor systems. Products are available in win- 
dowed ceramic DIP and LCC packages, as well as plas- 
tic one-time programmable (OTP) packages. 


Any byte can be accessed in less than 100 ns, allowing 
operation with high-performance microprocessors with 
reduced WAIT states. The Am27C 1024 offers separate 
Output Enable (OE) and Chip Enable (CE) controls, thus 


Advanced 
Micro 
Devices 


m@ JEDEC-approved 40-pin DIP and 44 pad LCC 
pinouts 


@ +10% power supply tolerance available 


@ Latch-up protected to 100 mA from —1 V to 
Vec+1V 


eliminating bus contention in a multiple bus micropro- 
cessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 125 mW in active mode, and 350 pW in 
standby mode. 


All signals are TTL levels, including programming sig- 
nals. Bit locations may be programmed singly, in blocks, 
or at random. The Am27C 1024 supports AMD’s Flash- 
rite programming algorithm (100 us pulses) resulting in 
typical programming times of less than 20 seconds. 


Data Outputs 
BLOCK DIAGRAM ae ee 
o—e Vic 
o——- GND 
o—P Vpp 
Output Enable 
OE Chip Enabl 
CE pay oe Output Buffers 
PGM Prog Logic 
Y-Gating 
Ac-Ais 
Address 
Inputs 1,048,576-Bit 
Cell Matrix 
06780-001E 
PRODUCT SELECTOR GUIDE 
Family Part No. Am27C1024 
Ordering Part No: 


+5% Vcc Tolerance 
+10% Vcc Tolerance 


Access (ns 


Publication# 06780 Rev. F Amendment/0 


Issue Date: March 1991 


Tipe ne ee || 
DE Ghee) caps pepe] 


ee 
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CONNECTION DIAGRAMS 
Top View 


DIPs LCC* 


4 
a 
2 
oO 
= 
2 
ngren DDE 06780-003E 
*Also available in a 44-Pin Plastic Leaded Chip Carrier. 
Notes: 
1. JEDEC nomenclature is in parenthesis. 
2. Don’t use (DU) for PLCC. 
LOGIC SYMBOL PIN DESCRIPTION 
Ao—Ai5 Vcc 
Address Inputs Vcc Supply Voltage 
CE (E) Vpp 
Chip Enable Input Program Supply Voltage 
DQo-—DQi15 GND 
Data Input/Outputs Ground 
OE (G) NC 
Output Enable Input No Internal Connect 
06780-004E ae) id 
Program Enable Input No External Connect 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: Device Number 

Speed Option 

Package Type 

Temperature Range 

Optional Processing 


B 
Eo e. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


paoop 


AM27C1024 -105 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 
E = Extended Commercial (-55 to +125°C) 


PACKAGE TYPE 

D = 40-Pin Ceramic DIP (CDV040) 

L = 44-Pin Square Ceramic Leadless Chip 
Carrier (CLV044) (JEDEC Type E) 


9 


b. SPEED OPTION 
See Product Selector Guide and Valid 
Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C1024 
1 Megabit (64K x 16) CMOS UV EPROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations. 


DC, DCB, DI, DIB, 
LC, LCB, LI, LIB 
DIB, DE, DEB, 
LCB, LIB, LE, 
LEB, LC, LI 
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ORDERING INFORMATION 
OTP Products 
AMD standard products are available in several penkcase and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 
b. Speed Option 
c. Package Type 
d. Temperature cane 
e. Optional Processing 
AM27C1024 -200 P Cc 
1S e. OPTIONAL PROCESSING 
Blank = Standard processing 
d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40 to 85°C) 
c. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
J = 44-Pin Square Plastic Leaded Chip 
Carrier (PL 044) 
b. SPEED OPTION 
See Product Selector Guide and Valid 
Combinations 
: a. DEVICE NUMBER/DESCRIPTION 
Am27C1024 


1 Megabit (64K x 16) CMOS OTP EPROM 


Valid Combinations 
Valid Combinations Valid Combinations list configurations planned to be 
AM27C1024-200 PC. JC. PL Jl supported in volume for this device. Consult the lo- 


cal AMD sales office to confirm availability of specific 
AM2701024-255 valid combinations or to check on newly released 


combinations. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 
by a combination of: Device Number 

. Speed Option 

Device Class 

Package Type 

Lead Finis 


A 
eos e. LEAD FINISH 


A = Hot Solder Dip 


e209 7p 


AM27C1024 -120 /B 


d. PACKAGE TYPE 
Q = 40-Pin Ceramic DIP (CDV040) 
U = 44-Pin Square Ceramic Leadless Chip 
Carrier (CLV044) 


. DEVICE CLASS 
/B = Class B 


oO 


b. SPEED OPTION 
See Product Selector Guide and Valid 
Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C1024 
1 Megabit (64K x 16) CMOS UV EPROM 


Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 
ability of specific valid combinations, or to check 
on newly released combinations. 


Valid Combinations 
AM27C1024-120 
AM27C1024-150 /BQA, /BUA 
AM27C1024-200 
AM27C1024-250 


For other Surface Mount Package Group A Tests 
options, contact NVD Military Marketing. 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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FUNCTIONAL DESCRIPTION 
Erasing the Am27C1024 


In order to clear all locations of their programmed con- 
tents, itis necessary to expose the Am27C 1024 to anul- 
traviolet light source. A dosage of 15 W seconds/cm? is 
required to completely erase an Am27C 1024. This dos- 
age can be obtained by exposure to an ultraviolet lamp 
— wavelength of 2537 Angstroms (A) —with intensity of 
12,000 nW/cm* for 15 to 20 minutes. The Am27C1024 
should be directly under and about one inch from the 
source and all filters should be removed from the UV 
light source prior to erasure. 


It is important to note that the Am27C 1024, and similar 
devices, will erase with light sources having wave- 
lengths shorter than 4000 A. Although erasure times will 
be much longer than with UV sources at 25374, never- 
theless the exposure to fluorescent light and sunlight will 
eventually erase the Am27C 1024 and exposure to them 
should be prevented to realize maximum system reli- 
ability. If used in such an environment, the package win- 
dow should be covered by an opaque label or 
substance. 


Programming the Am27C1024 


Upon delivery, or after each erasure, the Am27C1024 
has all 1,048,576 bits in the “ONE”, or HIGH state. “ZE- 
ROs” are loaded into the Am27C 1024 through the pro- 
cedure of programming. 


The programming mode is entered when 12.75 + 0.25 V 
is applied to the Vep pin, and CE and PGM are at Vi. 


For programming, the data to be programmed is applied 
16 bits in parallel to the data pins. 


The Flashrite programming algorithm (shown in Figure 
1) reduces programming time by using initial 100 us 
pulses followed by a byte verification to determine 
whether the byte has been successfully programmed. If 
the data does not verify, an additional pulse is applied 
for a maximum of 25 pulses. This process is repeated 
while sequencing through each address of the EPROM. 


The Flashrite programming algorithm programs and 
verifies at Vcc = 6.25 V and Vpp = 12.75 V. After the final 
address is completed, all bytes are compared to the 
original data with Vcc = Vpp = 5.25 V. 


Program Inhibit 


Programming of multiple Am27C 1024s in parallel with 
different data is also easily accomplished. Except for 
CE, all like inputs of the parallel Am27C 1024 may be 
common. A TTL low-level program pulse applied to an 
Am27C 1024 CE input with Vep = 12.75+ .25 Vand PGM 
LOW will program that Am27C 1024. A high-level CE in- 
put inhibits the other Am27C1024s from being pro- 
grammed. 


Program Verify 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 


verify should be performed with OE and CE, at Vi, PGM 
at Vin, and Veep between 12.75 V + .25 V. 


Auto Select Mode 

The auto select mode allows the reading out of a binary 
code from an EPROM that will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching 
the device to be programmed with its corresponding 
programming algorithm. This mode is functional in the 
25°C +5°C ambient temperature range that is required 
when programming the Am27C1024. 


To activate this mode, the programming equipment 
must force 12.0 + 0.5 V on address line Ag of the 
Am27C1024. Two identifier bytes may then be se- 
quenced from the device outputs by toggling address 
line Ao from Vit to Vin. All other address lines must be 
held at Vi. during auto select mode. 


Byte 0 (Ao = Vi_) represents the manufacturer code, and 
Byte 1 (Ao = Vin), the device identifier code. For the 
Am27C1024, these two identifier bytes are given in the 
Mode Select table. All identifiers for manufacturer and 
device codes will possess odd parity, with the MSB 
(DQ7) defined as the parity bit. 


Read Mode 


The Am27C1024 has two control functions, both of 
which must be logically satisfied in order to obtain data 
at the outputs. Chip Enable (CE) is the power control 
and should be used for device selection. Output Enable 
(OE) is the output control and should be used to gate 
data to the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (tce). 
Data is available at the outputs toe after the falling edge 
of OE, assuming that CE has been LOW and addresses 
have been stable for at least tacc — toe. 


Standby Mode 


The Am27C1024 has a CMOS standby mode which re- 
duces the maximum Vcc current to 100 pA. Itis placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27C1024 also has a TTL-standby mode which re- 
duce the maximum Vcc current to 1.0 mA. It is placed in 
TTL-standby when CE is at Vin. When in standby mode, 
the outputs are in a high-impedance state, independent 
of the OE input. 


Output OR-Tieing 


To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
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common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 
are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 


these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1-~.F ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on EPROM ar- 
rays, a 4.7-uF bulk electrolytic capacitor should be used 
between Vcc and GND for each eight devices. The loca- 
tion of the capacitor should be close to where the power 
supply is connected to the array. 


Mode Select Table | 


Notes: 

1. Xcan be either Vit or ViH 
2. VH=12.0Vt0.5V 

3. A1— As = A1o—Ai5 = VIL 
4 


[mode P| ce | oe | ram | me | me | vee | ouput” 
oa Pe kt ee ee 
[Output Disable Sid | ve | vm XY xX | Veo | High 
[Standby(T) i dT YX Veo] High 
[Standby (CMOS) _|Weszosv] x | x [| x | x | Voo | High? — 
(a BS ER AY a Be 
[Programverly +t Ve | vz | vw |x | x | ve | Dor 
[Programinniot | ww [x] x |x | x | Ver | Mighz 
(Note 3) 


x< 
~< 


x< 
x< 


x< 
x< 


x< 
~x< 


x< 
x< 


~< 
x< 


~< 
~x< 


. See DC Programming Characteristics for Vpp voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature: 
OTP Products —65 to +125°C 
All Other Products —65 to +150°C 
Ambient Temperature 
with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 
All pins except Ag, Vep, and 
Vcc (Note 1) —0.6 to Vcc +0.6 V 
Ag and Vpp (Note 2) —0.6 to 13.5 V 
Vec -—0.6 to 7.0 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


Notes: 


1. During transitions, the input may overshoot GND 
to -2.0 V for periods of up to 20 ns. Maximum DC 


voltage on input and I/O may overshoot to Vcc + 2.0 V 
for periods up to 20 ns. 
2. During transitions, Ag and Vpp may overshoot 
GND to -2.0 V for periods of up to 20 ns. Ag and 
Vpp must not exceed 13.5 V for any period of time. 


AMD cl 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) 0 to +70°C 
Industrial (1) Devices 

Case Temperature (Tc) —40 to +85°C 
Extended Commercial (E) Devices 

Case Temperature (Tc) —55 to +125°C 
Military (M) Devices 

Case Temperature (Tc) —55 to +125°C 
Supply Read Voltages: 

Vec/Vpp for Am27C1024-XX5 +4.75 to +5.25 V 

Vcc/Vpp for Am27C1024-XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 4, 5 & 8) 


Parameter 
Symbol | Parameter Description Test Conditions 


TTL and NMOS Inputs 


| Von | OutputHiGH Voltage | ton=-400pA | | 


< 


po Wet | Gatto Velege i awe 
ee ee ees 
a ee eee Se eee 


Icc1 


3 


loce Vcc Standby Current C/I Devices 
OE = 


Ese s 
cee 
ae 
ieee 
Vcc Active Current (Note 5) CE cpevices | 
ie 
os 
ee es 


E= Vit 
|_lpp:___| Vee Supply Current(Read) | CE = OE = Vi, Ver = Voc 
(Vo. [GuptbOW Volege ie timA 
|v. PigueriGnyoliage Ff Nee 05 Ver + 
Mi ~ Pipe LOW Voltage 2 J 0 | 
[EM Devices | 

ILo Output Leakage Current Vout=O0VtoVcc|C/iDevices | 
ee de 

Icc1 — | Vcc Active Current (Note 5) : 5 A oe So ay 


> 


lour = 0 mA 
(Open Outputs) | © Devices 


lec2 Vec Standby Current CE=Vec+0.3V |C/iDevices | =| 100 | yA 
[EM Devices | |__100_| 
Vpp Supply Current (Read) CE = OE= Vi, yA 
(Note 6) Vpp = Vcc 
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CAPACITANCE (Notes 2, 3, & 7) 


Parameter CDV040 CLV044 
Symbol | Parameter Description Test Conditions | Typ. | Max. | Typ.| Max. 


| Cw: [Address input Capacitance |Vw-ov | 6 | 10 | 6 | 9 | pF 
| Cre __|OE Input Capacitance | Vw=0v | 10 | 12 | 7 | 9 | pr 
| Cra |CE&PGM Input Capacitance] Vw=OV | 10 | 12 | 7 | 9 | pF 
| Cour __|OutputCapacitance | Vor=0v | 8 | 4 | | 8 | OF 


Notes: 


Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
Typical values are for nominal supply voltages. 
This parameter is only sampled and not 100% tested. 


Caution: The Am27C 1024 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 
Icc1 is tested with OE = ViH to simulate open outputs. 

Maximum active power usage is the sum of Icc and Ipp. 

TA = 25°C, f = 1 MHz. 


Minimum DC input voltage is —0.5 V. During transitions, the inputs may overshoot to —2.0 V for periods less than 20 ns. 
Maximum DC voltage on output pins is Vcc + 0.5 V which may overshoot to Vcc + 2.0 V for periods less than 20 ns. 


iy SAG AD Res SA ao “de by ap, 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 3, & 4) 


Am27C1024 
snc una ai cucu fa [|e fa [Bo 
Standard] Description Test Conditions 
tAVQV tACC Address to fee ee somes emia, GAGs cc, Gemma 


tELQV Chip Enable 
to Output Delay ea Pe iate ee 


tGLav Output Enable to 
p eid Ae eee 
Output Delay a 
tEHQZ, Output Enable ine Se GR, FR Sa, 
tGHQz HIGH to Output 
Float (Note 2) 
tAaxax Output Hold from 
Addresses, CE, or 
OE, whichever 
3 occurred first 


Notes: 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
This parameter is only sampled and not 100% tested. 
Caution: The Am27C1024 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 


Output Load: 1 TTL gate and Ci = 100 pF, Input Rise and Fall Times: 20 ns, Input Pulse Levels: 0.45 to 2.4 V, 
Timing Measurement Reference Level—inputs: 0.8 V and 2 V, Outputs: 0.8 V and 2 V. 


=e ad BAG 
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SWITCHING TEST WAVEFORM 


2.4V 
2.0 V 2.0V 


> TEST POINTS < 


0.8 V 0.8 V 


0.45 V 
Input Output 
06780-005E 


AC Testing: Input are driven at 2.4 V for a Logic “1” and 0.45 for a Logic “0”. Input pulse rise and fall times are < 20 ns. 


SWITCHING TEST CIRCUIT 


Diodes = IN3064 
or Equivalent 


06780-006E 


CL = 100 pF including jig capacitance 


Am27C1024 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 
Must Be Will Be 
Steady Steady 
May Will Be 
Change Changing 
from H to L from H to L 
May Will Be 
Change Changing 
from L to H from L to H 
Don’t Care, Changing, 
Any Change State 
Permitted Unknown 
Does Not Center 
Apply Line is High 
Impedance 
“Off” State 
KS000010 
SWITCHING WAVEFORM 
Oe nai, peepee ne nen ca nes ee Ra aa St re 
0 : 
Addresses ( . artes 
0.45 - ciate nie tater wits eas and 
CE (E) 
tCE 
OE (G) 
tOE 
(Note 1) 
taCC 
(Note 1) 
eae High Z ILLLEE Ro Nab 
SANE AE OMe 
Notes: 06780-007E 


1. OE (G) may be delayed up to tacc-toe after the falling edge of CE (E) without impact on tacc. 
2. tDF is specified from OE or CE, whichever occurs first. 


Read Cycle 
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PROGRAMMING FLOW CHART 
Start 
Address = First Location 
Vcc = 6.25 V 
Vpp = 12.75 V 
Program One 100 ps Pulse 
Interactive 
Section 
Increment Address 
Verify Section 


Device Failed 


Pass 


06780-008E 


Figure 1. Flashrite Programming Flow Chart 
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DC PROGRAMMING CHARACTERISTICS (Ta = +25°C +5°C) (Notes 1, 2, & 3) 


Parameter | 
Symbol | Parameter Description Test Conditions 
| 0.3 | 08 | 


| Va [input LOW Level (Afinputs) | 
eo Wa | Wen Min gn a ees Vv 
| Vo. | Output LOW Voltage During Verity fla =21mA | | 045 
| Vou | Output HIGH Voltage During Verify | lon=-400pA | 2 | 


ova | MA comv  e  e 
|_Iccs___| Vec Supply Current (Program & Verify) | || mA 
| lepe__|VepSupply Current (Program) | CE=Vu,OE=Vn | | 50] mA 


E Noc | Plashyle Supply Voltage: fe 0 FORO | 
Flashrite Programming Voltage Se ee ed 


SWITCHING PROGRAMMING CHARACTERISTICS (Ta = +25°C +5°C) (Notes 1, 2, & 3) 


Parameter 
Symbols 


JEDEC 


Parameter Description 


| tew | PGM Program Pulse Width 
Data Valid from OE 


Notes: 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 


| taver_ | tas___| Address Setup Time 

| tor | toes | OE Setup Time KS 
|_tover | tos ___—|_Data Setup Time 

| tonax | tan | Address Hold Time 

Output Enable to Output Float Delay 


i eae 
eae 


ES 
ee ee 
ee ata Seale 
pee ce a 
oT 8 ee ee ee A a 
ee ee 
Pesce gee 
ae ee 
Ke in ane (caterers 
oe ee 
pears ei a es 


2. When programming the Am27C1024, a 0.1-uF capacitor is required across Vpp and ground to suppress spurious voltage 
transients which may damage the device. 


3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 
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PROGRAMMING ALGORITHM WAVEFORM (Notes 1 & 2) 


Program Program Verify 
VIH 


ee tAH 
Hi-Z 


Data [ —Dataln Stable | In Stable { Data Out Vaid ~ Data Out Valid 
see = tDFP 
Vpp Max. 


Vpp 7% 
Voc + 1 ‘vps 


Vcc Voc 
tvcs 
VIH 
CE 
VIL 
vy es oe eee en ieee 


Vin tpw tOES 


Notes: 06780-009E 


1. The input timing reference level is 0.8 for Vit and 2 V for Vin. 


2. toe and tprP are characteristics of the device, but must be accommodated by the programmer. 
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2 Megabit (262,144 x 8-Bit) CMOS EPROM 


Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 
m@ Fast access time 

- 100 ns 
m@ Low power consumption: 

— 20 pA typical CMOS standby current 


m@ JEDEC-approved pinout 
— plug in upgrade of 1 Megabit EPROM 
— easy upgrade from 28-pin JEDEC EPROMs 
m@ Single +5 V power supply 
M@ +10% power supply tolerance standard on 
most speeds 


@ 100% Flashrite™ programming 
— typical programming time of 30 seconds 
@ Latch-up protected to 100 mA from —1 V to 
Veco +1V 
@ High noise immunity 
Compact 32-pin DIP package requires no 
hardware change for upgrades to 8 megabits 


@ Versatile features for simple interfacing 
— both CMOS and TTL input/output compatibility 
— two line control functions — 


GENERAL DESCRIPTION 


The Am27C020 is a 2 megabit, ultraviolet erasable pro- 
grammable read-only memory. It is organized as 256K 
words by 8 bits per word, operates from a single +5 V 
supply, has a static standby mode, and features fast sin- 
gle address location programming. Products are avail- 
able in windowed ceramic DIP and LCC packages, as 
well as plastic one-time programmable (OTP) 
packages. 


Typically, any byte can be accessed in less than 100 ns, 
allowing operation with high-performance microproces- 
sors without any WAIT states. The Am27C020 offers 
separate Output Enable (OE) and Chip Enable (CE) 


BLOCK DIAGRAM 
o—& Vic 
o—— GND 
0 een ol Vep 


OE Output Enable 


Chip Enable 
and 
PGM Prog Logic 


Ordering Part No: 
+5% Vcc Tolerance 
+10% Vcc Tolerance 
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|_Max. Access Time (ns) | 100 | 120 | 150 | 200 | 250 
|_CE(E)Access(ns) ss |_ 100 | 120 | 150 | 200 | 250 | 


GE (G) Access (ns) | 80 | 60 | 65 | 75 | 100 


controls, thus eliminating bus contention in a multiple 
bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 100 pW in 
standby mode. 


All signals are TTL levels, including programming sig- 
nals. Bit locations may be programmed singly, in blocks, 
or at random. The Am27C020 supports AMD’s Flashrite 
programming algorithm (100 us pulses) resulting in typi- 
cal programming times of 30 seconds. 


SERS 


2,097,152-Bit 
Cell Matrix 


11507-001B 


Publication# 11507 Rev. C 
Issue Date: March 1991 
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CONNECTION DIAGRAMS 
Top View 
DIP LCC* 


10205-003B 


11507-003B 


Notes: 


1. JEDEC nomenclature is in parenthesis. 
2. The 32-pin DIP to 32-pin LCC configuration varies from the JEDEC 28-pin DIP to 32-pin LCC configuration. 


*Also available in a 32-pin rectangular Plastic Leaded Chip Carrier. 


LOGIC SYMBOL PIN DESCRIPTION 
Ao—A17 Address Inputs 
CE (E) Chip Enable Input 
DQo—DQ7 Data Input/Outputs 
OE (G) Output Enable Input 
PGM (P) Program Enable Input 
Vcc Vcc Supply Voltage 
Vpp Program Supply Voltage 
GND Ground 


10205-002B 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: . Device Number 

Speed Option 

Package Type 

Temperature mee 

Optional Processing 


B 
ee e. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


2a.o5 


AM27C020 -105 D Cc 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 
E = Extended Commercial (—55 to +125°C) 


c. PACKAGE TYPE 
D = 32-Pin Ceramic DIP (CDV032) 
L = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLV032, JEDEC Type) 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C020 
2 Megabit (256K x 8) CMOS UV EPROM 


Valid Combinations Valid Combinations 
@ Valid Combinations list configurations planned to be 
AM27C020-105 DC, DCB, DI, supported in volume for this device. Consult the lo- 
AM27C020-120 DIB, LC, LCB, cal AMD sales office to confirm availability of specific 
AM27C020-125 LI, LIB valid combinations or to check on newly released 
AM27C020-150 | DC, DCB, DE, ahaha 


DEB, DI, DIB, 
AM27C020-200_| 16 tcB Ly, 


AM27C020-255 LIB, LE, LEB 


nnn nner nnn nnnnncnnrncnnnnnnncnnnncnsnncceeeeere crs a SSS SSS SSS ss SSD 
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ORDERING INFORMATION 
OTP Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: Device Number 

. Speed Option 

Package Type 

. Temperature Range 

Optional Processing 


tT e. OPTIONAL PROCESSING 


Blank = Standard processing 


e29op 


AM27C020 -150 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 


PACKAGE TYPE 

P = 32-Pin Plastic DIP (PD 032") 

J = 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 


9 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C020 
2 Megabit (256K x 8) CMOS OTP EPROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations. 


Valid Combinations 
AM27C020-125 


AM27C020-150 PC, JC, PI, JI 


AM27C020-200 


AM27C020-255 


ann n nnn nnn nner SSS iS 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 
by a combination of: 
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e209 09 


Device Number 
Speed Option 
Device Class 
Package Type 
Lead Finis 


; 


a. DEVICE NUMBER/DESCRIPTION 


Am27C020 


2 Megabit (256K x 8) CMOS UV EPROM 


For other Surface Mount Package 
options, contact NVD Military Marketing. 


/BXA, /BUA 


. LEAD FINISH 


A = Hot Solder Dip 


. PACKAGE TYPE 


X = 32-Pin Ceramic DIP (CDV032) 
U = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLV032) 


. DEVICE CLASS 


/B = Class B 


. SPEED OPTION 


See Product Selector Guide and 
Valid Combinations 


Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 
ability of specific valid combinations, or to check 
on newly released combinations. 


Am27C020 


Group A Tests 


Group A tests consist of Subgroups 


¥, pp ty 8,9, 40,745. 
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FUNCTIONAL DESCRIPTION 

Erasing the Am27C020 

In order to clear all locations of their programmed con- 
tents, it is necessary to expose the Am27C020 to an ul- 
traviolet light source. A dosage of 15 W seconds/cm? is 
required to completely erase an Am27C020. This dos- 
age can be obtained by exposure to an ultraviolet lamp 
— wavelength of 2537 Angstroms (A) —with intensity of 
12,000 pW/cm? for 15 to 20 minutes. The Am27C020 
should be directly under and about one inch from the 
source and all filters should be removed from the UV 
light source prior to erasure. 


It is important to note that the Am27C020, and similar 
devices, will erase with light sources having wave- 
lengths shorter than 4000 A. Although erasure times will 
be much longer than with UV sources at 25374, never- 
theless the exposure to fluorescent light and sunlight will 
eventually erase the Am27C020 and exposure to them 
should be prevented to realize maximum system reli- 
ability. lf used in such an environment, the package win- 
dow should be covered by an opaque label or 
substance. 


Programming the Am27C020 


Upon delivery, or after each erasure, the Am27C020 
has all 2,097,152 bits in the “ONE”, or HIGH state. “ZE- 
ROs” are loaded into the Am27C020 through the proce- 
dure of programming. 


The programming mode is entered when 12.75+ 0.25 V 
is applied to the Ver pin, CE and PGM are at Vi_and OE 
is at Vin. 


For programming, the data to be programmed is applied 
8 bits in parallel to the data output pins. 


The flowchart (Figure 2) shows AMD’s Flashrite algo- 
rithm. The Flashrite algorithm reduces programming 
time by using 100 us programming pulse and by giving 
each address only as many pulses as are necessary in 
order to reliably program the data. After each pulse is 
applied to a given address, the data in that address is 
verified. Ifthe data does not verify, additional pulses are 
given until it verifies or the maximum is reached. This 
process is repeated while sequencing through each ad- 
dress of the Am27C020. This part of the algorithm is 
done at Vcc = 6.25 V to assure that each EPROM bit is 
programmed to a sufficiently high threshold voltage. Af- 
ter the final address is completed, the entire EPROM 
memory is verified at Vcc = Vpp = 5.25 V. 


Program Inhibit 


Programming of multiple Am27C020s in parallel with 
different data is also easily accomplished. Except for 
CE, all like inputs of the parallel Am27C020 may be 
common. A TTL low-level program pulse applied to an 
Am27C020 CE input with Vep = 12.75 + 0.25 V, PGM 


LOW, and OE HIGH will program that Am27C020. A 
high-level CE input inhibits the other Am27C020s from 
being programmed. 


Program Verify 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify should be performed with OE and CE at Vi_, PGM 
at Vin, and Vpp between 12.5 V and 13.0 V. 


Auto Select Mode 


The auto select mode allows the reading out of a binary 
code from an EPROM that will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching 
the device to be programmed with its corresponding 
programming algorithm. This mode is functional in the 
25°C + 5°C ambient temperature range that is required 
when programming the Am27C020. 


To activate this mode, the programming equipment 
must force 12.0 + 0.5 V on address line Ag of the 
Am27C020. Two identifier bytes may then be se- 
quenced from the device outputs by toggling address 
line Ao from Vit to Vin. All other address lines must be 


held at Vi during auto select mode. 


Byte 0 (Ao = Vi_) represents the manufacturer code, and 
Byte 1 (Ao = Vin), the device identifier code. For the 
Am27C020, these two identifier bytes are given in the 
Mode Select table. All identifiers for manufacturer and 
device codes will possess odd parity, with the MSB 
(DQ7) defined as the parity bit. 


Read Mode 


The Am27C020 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. As- 
suming that addresses are stable, address access time 
(tacc) is equal to the delay from CE to output (tce). Data 
is available at the outputs toe after the falling edge of OE, 
assuming that CE has been LOW and addresses have 
been stable for at least tacc — toe. 


Standby Mode 


The Am27C020 has a CMOS standby mode which re- 
duces the maximum Vcc Currentto 100 LA. Itis placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27C020 also has a TTL-standby mode which re- 
duces the maximum Vcc current to 1.0 mA. Itis placed in 
TTL-standby when CE is at Vin. When in standby mode, 
the outputs are in a high-impedance state, independent 
of the OE input. 


Am27C020 
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Output OR-Tieing 


To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the outut pins 
are only active when data is desired from a particular 
memory device. 


Mode Select Table 


Auto Select 
(Note 3) 


Notes: 
1. VH=12.0V+05V 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1 uF ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on EPROM ar- 
rays, a 4.7 uF bulk electrolytic capacitor should be used 
between Vcc and GND for each eight devices. The loca- 
tion of the capacitor should be close to where the power 
supply is connected to the array. 


2. Xcan be either Vit or ViH 

3. Ai—As = A1o—Ai7 = ViL 

4. See DC Programming Characteristics for Vpp voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature: 

OTP Products —65 to +125°C 
_ All Other Products —65 to +150°C 
Ambient Temperature 
with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 

All pins except Ag, Vpp, and 

Vcc (Note 1) —0.6 to Vcc +0.6 V 
Ag and Vpp (Note 2) —0.6 to 13.5 V 
Vec —0.6 to 7.0 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


Notes: 

1. During transitions, the input may overshoot GND 
to -2.0 V for periods of up to 20 ns. Maximum DC 
voltage on input and I/O may overshoot to Vcc + 2.0 V 
for periods of up to 20 ns. 

2. During transitions, Ag and Vpp may overshoot 
GND to -2.0 V for periods of up to 20 ns. Ag and 
Vpp must not exceed 13.5 V for any period of time. 


Am27C020 


OPERATING RANGES 
Commercial (C) Devices 

Case Temperature (Tc) 0 to +70°C 
Industrial (1) Devices 

Case Temperature (Tc) —40 to +85°C 
Extended Commercial (E) Devices 

Case Temperature (Tc) —55 to +125°C 
Military (M) Devices 

Case Temperature (Tc) —55 to +125°C 
Supply Read Voltages: 

Vcc for Am27C020-XX5 +4.75 to +5.25 V 

Vcc for Am27C020-XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 4, 5 & 8) 3 
(for APL products, Group A, Subgroups 1, 2, 3, 7 and 8 are tested unless otherwise noted) 


PRELIMINARY 


ay a 
Symbol | Parameter Description Test Conditions 


Output HIGH Voltage lon = 400 WA ae? ee 
Output LOW Voltage 


Input HIGH Voltage ee vitgck. ee eee 
Input LOW Voltage meer ereemeees cee 


E/M Devices 
Vout=O0VtoVcc {C/I Devices 
E/M Devices 


Vcc Active Current CE= Vu, i 

(Notes 5 & 9) f = 5 MHz, 
lout = 0 MA 
(Open Outputs) 


lec2 Vcc Standby Current CE = Vin, 
OE = 
Vpp Supply Current (Read) CE = 

(Note 6) 


Voc - 0.8 
[Output Low votage-[ia=atma SCS 


Devices 


ee 
teateee 
ee 
Gata 
Vcc Active Current CE = Vi, Cn Devices fo 
f = 5 MHz, 
Gaus 
ee 


= 
r 
© 
3 
a. 
= 
= 
oO 
” 


VOH 
VoL 
VIH 
VIL 
lu 
ILo 


g 
oO 
© 
Ss 
© 
7 


es Sree 


2 
w) 
© 
Ss 
&® 
7) 


Icc1 


ol8lo 
SBE 
siSlia 
Olin ia 
i ¢ p) nn 


Vit 
OE = Vit, Ver = Vec 


VOH 
VoL 
VI 
Vit 
lu 
ILo 


=) 
™N 
< 
Q 
oO 
> 
QO 
+ 
=) 
v1 


+ 
= 


: 


(Notes 5 & 9) 
lout = OMA 
(Open Outputs) E/M Devices 


lcc2 Vcc Standby Current CE=Vcc+0.3V  |C/I Devices 
Vep Supply Current (Read) CE = OE= Vu, 
(Note 6) Vpp = Vcc 


BB SS bbe 
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Supply Current in mA 


1 2 3 4 5 6 7 8 9 10 
Frequency in MHz 11507-002A 


Figure 1. Typical Supply Current vs. Frequency 
Vcc = 5.0 V, T = 25°C 


CAPACITANCE (Notes 2, 3, & 7) 


Parameter CDV032 CLV032 
Symbol! | Parameter Description Test Conditions | Typ. | Max. | Typ.| Max.| 


| Cw _|inputCapacitance | V=OV Tt | 12 | 8 | 10] pF 
| Cour _[OutputCapacitance | Vor=ov | 12 | 15 | 9 | 12 | pF 


Notes: 

1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
Typical values are for nominal supply voltages. 

This parameter is only sampled and not 100% tested. 


Caution: The Am27C020 must not be removed from, or inserted into, a socket or board when Vcc or Vpp is applied. 
Icc1 is tested with OE = ViH to simulate open outputs. 

Maximum active power usage is the sum of Icc and Ipp. 

TA = +25°C, f = 1 MHz. 


During transitions, the inputs may overshoot to —2.0 V for periods less than 20 ns. 
Maximum DC voltage on output pins may overshoot to Vcc + 2.0 V for periods less than 20 ns. 


9. For typical supply current values at various frequencies, refer to Figure 1. 


OS ee ee ee 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 3, & 4) (for APL products, Group A, Subgroups 9, 10, and 11 are tested unless 
otherwise noted) 


PRELIMINARY | 
Parameter 


Symbols Parameter 


|JEDEC| Standard| Description 


Chip Enable HIGH 
or Output Enable 
HIGH, whichever 
comes first, to 
Output Float 


Output Hold from 
Addresses, CE, or 
OE, whichever 
occurred first 


ee A 
[200 | 250 
on: aes 
[00 | 250 | 
as tea 
Ps | 300 | 
Son ape 


Notes: 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
This parameter is only sampled and not 100% tested. 


Caution: The Am27C020 must not be removed from, or inserted into a socket or board when Vpp or Vcc is applied. 


Output Load: 1 TTL gate and Ci = 100 pF, 

Input Rise and Fall Times: 20 ns, 

Input Pulse Levels: 0.45 to 2.4 V, 

Timing Measurement Reference Level—Inputs: 0.8 V and 2 V, 
Outputs: 0.8 V and 2 V. 


Pw 
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SWITCHING TEST WAVEFORM 


2.4V 


2.0 V 2.0 V 


a TEST POINTS . 


0.8 V 0.8 V 


0.45 V 


Input Output 


10205-009A 


AC Testing: Inputs are driven at 2.4 V for a Logic “1” and 0.45 V for a Logic “O”. Input pulse rise and fall times are < 20 ns. 


SWITCHING TEST CIRCUIT 


Device 2.7 kQ 
Under 5V 


Test 


Diodes = IN3064 
or Equivalent 


10205-004A 


Ci = 100 pF including jig capacitance 
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KEY TO SWITCHING WAVEFORMS 
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WAVEFORM INPUTS OUTPUTS 
Must Be Will Be 
Steady Steady 
May Will Be 
Change Changing 
from H to L from H to L 
May Will Be 
Change Changing 
from Lto H from Lto H 
Don’t Care, Changing, 
Any Change State 
Permitted Unknown 
Does Not Center 
Apply Line is High 
Impedance 
“Off” State 
KS000010 
SWITCHING WAVEFORM 
2.4 50 
Addresses P. Addresses Valid 
0.45 0.8 
CE 
tCE 
OE 
tOE 
taACC 
(Note 1 
Cine High Z EE EES f CESS 
AON NAC Se 
Notes: 10205-005B 


1. OE may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 
2. tpF is specified from OE or CE, whichever occurs first. 
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PROGRAMMING FLOW CHART 


Address = First Location 
Vcc = 6.25 V 
Vpp = 12.75 V 
Program One 100 ps Pulse 


interactive 
Section 
Increment Address 
Verify Section 


Pass 


10205-008A 


Figure 2. Flashrite Programming Flow Chart 


Am27C020 


Device Failed 
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PRELIMINARY 


Parameter 
Symbol | Parameter Description Test Conditions 


SpA _ 
| O58 1-08 4 Vv 
V 5 


Ge eee Se 
SaaS oN eee eae Geena ecrcees eer Se a 
a ee 


Vpp Supply Current (Program) 
Flashrite Supply Voltage 


Flashrite Programming Voltage 


Parameter 
Symbols 


JEDEC Standard 


Address Hold Time 
Data Hold Time 
Output Enable to Output Float Delay 


tELPL 
tGLaV 


Notes: 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 


2. When programming the Am27C020, a 0.1 uF capacitor is required across Vpp and ground to suppress spurious voltage 
transients which may damage the device. 


3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 
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FLASHRITE PROGRAMMING ALGORITHM WAVEFORM (Notes 1 & 2) 


Program Program Verify 
VIN 


tas 
Hi-Z pomene a 


Data Data In Stable {! Data Out 2 
ve | aa we 


VPP Vitor VIH 
Voc + 1 vps 


Vcc 
Ve 
tvcs 
VIH 
CE 
Vit 


tCES 
vs EE 


2) 


PGM 
VIL 
Vin tpw tOES 
OE 
Vit 
Notes: 10205-006B 


1. The input timing reference level is 0.8 V for Vit and 2 V for ViH. 


2. toe and tpFP are characteristics of the device, but must be accommodated by the programmer. 
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Am27C2048 


2 Megabit (131,072 x 16-Bit) CMOS EPROM 


Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


™@ Fast access time 
- 100 ns 
@ Low power consumption 
— 25 pA typical CMOS standby current 


@ JEDEC-approved pinout 
— plug in upgrade of 1 Megabit EPROM 
— 40-pin DIP/PDIP 
— 44-pin LCC/PLCC 


@ Single +5 V power supply 
@ +10% power supply tolerance standard on most 
speeds 


GENERAL DESCRIPTION 


The Am27C2048 is a 2 megabit, ultraviolet erasable 
programmable read-only memory. It is organized as 
128K words by 16 bits per word, operates from a single 
+5 V supply, has a static standby mode, and features 
fast single address location programming. The 
Am27C2048 is ideal for use in 16-bit microprocessor 
systems. Products are available in windowed ceramic 
DIP and LCC packages as well as plastic one time pro- 
grammable (OTP) PDIP and PLCC packages. 


Typically, any byte can be accessed in less than 100 ns, 
allowing operation with high-performance microproces- 
sors without any WAIT states. The Am27C2048 offers 


BLOCK DIAGRAM 
Oo Veco 
o— GND 


Output Enable 
OE Chip oe 


BGM Prog Logic 


PRODUCT SELECTOR GUIDE 
Ordering Part No: 
+5% Vcc Tolerance 

+10% Vcc Tolerance 


100% Flashrite™ programming 

— typical programming time of 15 seconds 
Latch-up protected to 100 mA from —1 V to 
Vec+1V 

High noise immunity 

Versatile features for simple interfacing 

— both CMOS and TTL input/output compatibility 
— two line control functions 


separate Output Enable (OE) and Chip Enable (CE) 
controls, thus eliminating bus contention in a multiple 
bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 125 mW in active mode, and 125 pW in 
standby mode. 


All signals are TTL levels, including programming sig- 
nals. Bit locations may be programmed singly, in blocks, 
or at random. The Am27C2048 supports AMD's Flash- 
rite programming algorithm (100 ps pulses) resulting in 
typical programming times of 15 seconds. 

Data Outputs 


15 


pis 
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|__Max. Access Time(ns)__| 100 | 120 | 150 | 200 | 250 __ 
| _CE(E)Access(ns)__—|_ 100 | 120 | 150 | 200 | 250 __ 


BE (8 Access (ns PO | ee ef 


Publication# 11407 Rev. C 
Issue Date: March 1991 


Amendment/0 
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CONNECTION DIAGRAMS 


(Top View) 
DIPs 


11407-002B 


Notes: 


1. JEDEC nomenclature is in parenthesis. 
2. Don’t use (DU) for PLCC. 


*Also available in a 44-Pin Plastic Leaded Chip Carrier. 


LOGIC SYMBOL 


11407-004B 


DQ. 
DQ44 
DQi9 
DQg 
DQg 
GND 
NC 
DQ7 
DQ, 
DQs 


BP ey ty 

a 

Lu 

- pre 

2 = 

a ae owd 

O re .S Se 

986 22; 
Bigs Bie 
1 43 


NC (NOTE 2) ) 18 


PIN DESCRIPTION 


Ao — Ais 
|—6hCE(B) 

DQo — DOis 

OE (G) 

PGM (P) 

Vcc 

Vpp 

GND 

NC 

DU 


Am27C2048 


Address Inputs 

Chip Enable Input 

Data Inputs/Outputs 
Output Enable Input 
Program Enable Input 
Vcc Supply Voltage 
Program Supply Voltage 
Ground 

No Internal Connect 

No External Connect 


06780-003E 
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ORDERING INFORMATION 
EPROM Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of: 


AM27C2048 


pao op 


-105 


Device Number 
Speed Option 
Package Type 
Temperature Range 
Optional Processing 


, 


a. DEVICE NUMBER/DESCRIPTION 


Am27C2048 


2 Megabit (128K x 16) CMOS UV EPROM 


Valid Combinations 
AM27C2048-105 


DC, DCB, DI, 
AM27C2048-120 | DIB, LC, LCB, 
Li, LIB 


DC, DCB, DE, 
DEB, DI, DIB, 
LC, LCB, LI, 
LIB, LE, LEB 


9 
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. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE 


C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 
E = Extended Commercial (-55 to +125°C) 


PACKAGE TYPE 

D = 40-Pin Ceramic DIP (CDV040) 

L = 44-Pin Square Ceramic Leadless Chip 
Carrier (CLV044) (JEDEC Type) 


SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 


cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations. 
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ORDERING INFORMATION 
OTP Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: . Device Number 

. Speed Option 

. Package Type 

. Temperature Range 

. Optional Processing 


baal e. OPTIONAL PROCESSING 


Blank = Standard processing 


eoao oo 


AM27C2048 -150 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 


c. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
J = 44-Pin Square Plastic Leaded Chip 
Carrier (PL 044) 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C2048 
2 Megabit (128K x 16) CMOS OTP EPROM 


Valid Combinations 
|_ Valid Combinations Combinations Valid Combinations list configurations planned to be 


A supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 


valid combinations or to check on newly released 
ee PC, JC, Pl, Jl combinations. 


-RuaTeR08 2 200 
| AM27C2048-255 | 255 


Sates 50 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several saya and “igre ranges. APL eprayes 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 
by a combination of: a. Device Number 
b. Speed Option 
c. Device Class 
d ne Type 
8 


: Lead Finis 


AM27C2048 -150 /B 


A 
wanes e. LEAD FINISH 


A = Hot Solder Dip 


d. PACKAGE TYPE 
Q = 40-Pin Ceramic DIP (CDV040) 
U = 44-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLV044) 


DEVICE CLASS 
/B = Class B 


9 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C2048 
2 Megabit (128K x 16) CMOS UV EPROM 


Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 
ability of specific valid combinations, or to check 


Valid Combinations 
AM27C2048-150 
AM27C2048-200 /BQA, /BUA 


AM27C2048-250 on newly released combinations. 
For other Surface Mount Package 
options, contact NVD Military Marketing. Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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FUNCTIONAL DESCRIPTION 
Erasing the Am27C2048 


In order to clear all locations of their programmed con- 
tents, it is necessary to expose the Am27C2048 to anul- 
traviolet light source. A dosage of 15 W seconds/cm? is 
required to completely erase an Am27C2048. This dos- 
age can be obtained by exposure to an ultraviolet lamp 
— wavelength of 2537 Angstroms (A) —with intensity of 
12,000 W/cm? for 15 to 20 minutes. The Am27C2048 
should be directly under and about one inch from the 
source and all filters should be removed from the UV 
light source prior to erasure. 


It is important to note that the Am27C2048, and similar 
devices, will erase with light sources having wave- 
lengths shorter than 4000 A. Although erasure times will 
be much longer than with UV sources at 25374, never- 
theless the exposure to fluorescent light and sunlight will 
eventually erase the Am27C2048 and exposure to them 
should be prevented to realize maximum system reli- 
ability. If used in such an environment, the package win- 
dow should be covered by an opaque label or 
substance. 


Programming the Am27C2048 


Upon delivery, or after each erasure, the Am27C2048 
has all 2,097,152 bits in the “ONE”, or HIGH state. “ZE- 
ROs” are loaded into the Am27C2048 through the pro- 
cedure of programming. 


The programming mode is entered when 12.75+0.25 V 
is applied to the Ver pin, and CE and PGM are at Vi. 


For programming, the data to be programmed is applied 
16 bits in parallel to the data pins. 


The flowchart (Figure 2) shows AMD's Flashrite algo- 
rithm. The Flashrite algorithm reduces programming 
time by using 100 pis programming pulse and by giving 
each address only as many pulses as are necessary in 
order to reliably program the data. After each pulse is 
applied to a given address, the data in that address is 
verified. If the data does not verify, additional pulses are 
given until it verifies or the maximum is reached. This 
process is repeated while sequencing through each ad- 
dress of the Am27C2048. This part of the algorithm is 
done at Vcc = 6.25 V to assure that each EPROM bit is 
programmed to a sufficiently high threshold voltage. Af- 
ter the final address is completed, the entire EPROM 
memory is verified at Vcc = Vpp = 5.25 V. 


Program Inhibit 


Programming of multiple Am27C 2048s in parallel with 
different data is also easily accomplished. Except for 
CE, all like inputs of the parallel Am27C2048 may be 
common. A TTL low-level program pulse applied to an 
Am27C2048 CE input with Vep = 12.75 + 0.25 V and 
PGM LOW will program that Am27C2048. A high-level 
CE input inhibits the other Am27C2048 devices from be- 
ing programmed. 


Program Verify 


Averify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify should be performed with OE and CE, at Vi., PGM 
at Vin, and Vpp between 12.5 V and 13.0 V. 


Auto Select Mode 


The auto select mode allows the reading out of a binary 
code from an EPROM that will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching 
the device to be programmed with its corresponding 
programming algorithm. This mode is functional in the 
25°C + 5°C ambient temperature range that is required 
when programming the Am27C2048. 


To activate this mode, the programming equipment 
must force 12.0 + 0.5 V on address line Ag of the 
Am27C2048. Two identifier bytes may then be se- 
quenced from the device outputs by toggling address 
line Ao from Vit to Vin. All other address lines must be 
held at Vi. during auto select mode. 


Byte 0 (Ao = Vi_) represents the manufacturer code, and 
Byte 1 (Ao = Vin), the device identifier code. For the 
Am27C2048, these two identifier bytes are given in the 
Mode Select table. All identifiers for manufacturer and 
device codes will possess odd parity, with the MSB 
(DQ7) defined as the parity bit. 


Read Mode 


The Am27C2048 has two control functions, both of 
which must be logically satisfied in order to obtain data 
at the outputs. Chip Enable (CE) is the power control 
and should be used for device selection. Output Enable 
(OE) is the output contro! and should be used to gate 
data to the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (tce). 
Data is available at the outputs toe after the falling edge 
of OE, assuming that CE has been LOW and addresses 
have been stable for at least tacc — toe. 


Standby Mode 


The Am27C2048 has a CMOS standby mode which re- 
duces the maximum Vcc current to 100 pA. It is placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27C2048 also has a TTL-standby mode which re- 
duce the maximum Vcc current to 1.0 mA. It is placed in 
TTL-standby when CE is at Vin. When in standby mode, 
the outputs are in a high-impedance state, independent 
of the OE input. 


Output OR-Tieing 


To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


Am27C2048 
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1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the outut pins 
are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 


MODE SELECT TABLE 


AMD zt 


and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1 uF ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on EPROM ar- 
rays, a 4.7 iF bulk electrolytic capacitor should be used 
between Vcc and GND for each eight devices. The loca- 
tion of the capacitor should be close to where the power 
supply is connected to the array. 


eee 
[OuiputDisable ——SSSCSC~dCSC SY TCX 


Program Verify Vit 


Auto Select 
(Note 3) 


1. Xcan be either Vit or Vin 
2. VH=12.0Vt05V 

3. Ai—As= A10—Aie6 = VIL 
4 


. See DC Programming Characteristics for Vpp voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature: 

OTP Products —65 to +125°C 

All Other Products —65 to +150°C 
Ambient Temperature 
with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 

All pins except Ag, Veep, and 

Vcc (Note 1) —0.6 to Vcc +0.6 V 
Ag and Vpp (Note 2) -0.6 to 13.5 V 
Vcc -—0.6to 7.0 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


Notes: 


1. During transitions, the input may overshoot GND 
to —2.0 V for periods of up to 20 ns. Maximum DC 


voltage on input and I/O may overshoot to Vcc + 2.0 V 
for periods up to 20 ns. 
2. During transitions, Ag and Vpp may overshoot 
GND to -2.0 V for periods of up to 20 ns. Ag and 
Vpp must not exceed 13.5 V for any period of time. 


Am27C2048 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) 0 to +70°C 
Industrial (1) Devices 

Case Temperature (Tc) —40 to +85°C 
Extended Commercial (E) Devices 

Case Temperature (Tc) —55 to +125°C 
Military (M) Devices 

Case Temperature (Tc) —55 to +125°C 
Supply Read Voltages: 

Vcc for Am27C2048-XX5 +4.75 to +5.25 V 

Vcc for Am27C2048-XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 4, 5 & 8) (for APL Products, Group A, Subgroups 1, 2, 3, 7, and 8 are tested 
unless otherwise noted) | 


PRELIMINARY 


oy pore Py ok 
Symbol | Parameter Description Test Conditions 
TTL and NMOS 
Output HIGH Voltage lon = -400 yA Be Ce ee 
Output LOW Voltage GN Ome eee Rem ee ae 
Input HIGH Voltage ee ee Be eee ol 
Input LOW Voltage a ee ee ee ee 
lu Input Load Current Vin=0VtoVcc |C/I Devices err WA | 
EMDevices | | 1.0 
ILo Output Leakage Current Vout = 0 V to Vcc | C/I Devices Bees See uA 
EM Devices | | 5.0 
Vcc Active Current CE=Viu, C/l Devices Bence: aces 
(Notes 5 & 9) f = 5 MHz, 
lout = O MA 
(Open Outputs) | E/M Devices 
Vcc Standby Current CE = Vin, ciDevices | | 1.0 ‘| 
Emevices [| 10 
Vpp Supply Current (Read) CE = OE = Vi, Vpp = Vcc pA 
(Note 6) 
Ouiput HIGH Votage t= 400 WA Vec-ost TV 
Output LOW Voltage i= 2.1 mA ee Lea 
input HIGH Voltage Ce ee 
input LOW Voage eee Bo 
lu Input Load Current Vin=OVtoVcc |C/I Devices aoe eer es WA 
EMDevices | | 10 _| 
io | Output Leakage Current Vour=O0VtoVec [Gi Devices [| 5.0 | 
EMDevices [| 50 _ 
f = 5 MHz, mA 
(Notes 5 & 9) lout = OMA 
(Open Outputs) | E/M Devices 
lcc2 —_| Vec Standby Current CE=Vcct+0.3V |C/iDevies | | 100 | a 
EM Devices | | _—150_ 
Vep Supply Current (Read) CE = OE= Vi, yA 
(Note 6) Vpp = Vcc 
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Supply Current in mA 


1 2 3 4 5 6 7 8 9 10 
Frequency in MHz 11507-002B 


Figure 1. Typical Supply Current vs. Frequency 
Vcc = 5.0 V, T = 25°C 


CAPACITANCE (Notes 2, 3, & 7) 


Parameter CDV044 CLV044 
Symbol! | Parameter Description Test Conditions | Typ. | Max. | Typ. 


Input Capacitance 


Output Capacitance 
Notes: 
Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 


Typical values are for nominal supply voltages. 
This parameter is only sampled and not 100% tested. 


Caution: The Am27C2048 must not be removed from, or inserted into, a socket or board when Vcc or Vpp is applied. 
Icc1 is tested with OE = Vin to simulate open outputs. 

Maximum active power usage is the sum of Icc and Ipp. 

TA = 25°C, f = 1 MHz. 


Minimum DC input voltage is —0.5 V. During transitions, the inputs may overshoot to—2.0 V for periods less than 20 ns. 
Maximum DC voltage on output pins is Vcc + 0.5 V which may overshoot to Vcc + 2.0 V for periods less than 20 ns. 


9. For typical supply current values at various frequencies, refer to Figure 1. 


Pe ey eee ee ce Ie oe 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 3, & 4) 


PRELIMINARY 
Symbols Parameter 
| JEDEC| Standard Description Test igi kes 


tAVQV tacc | Address to 
CE = OE = Vit 
Output Delay 
tELQV Chip Enable 
: OE = Vi 
to Output Delay 


t tput Enable t pare 
GLQV Output Enable to CE = Vi. 
Output Delay 


tOF Chip Enable HIGH 
(Note 2) | or Output Enable 
HIGH, whichever 
comes first, to 
Output Float 


Output Hold from 
Addresses, CE, or 


OE, whichever 
occurred first 


Notes: 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
This parameter is only sampled and not 100% tested. 


Caution: The Am27C2048 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 


Output Load: 1 TTL gate and Ci = 100 pF, 

Input Rise and Fall Times: 20 ns, 

Input Pulse Levels: 0.45 to 2.4 V, 

Timing Measurement Reference Level—Inputs: 0.8 V and 2 V, 
Outputs: 0.8 V and 2 V. 


ee a 
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SWITCHING TEST WAVEFORM 


2.4V 
2.0 V 2.0 V 


» TEST POINTS é 


0.8 V 0.8 V 


0.45 V 


Input Output 


10205-009A 


AC Testing: Inputs are driven at 2.4 V for a Logic “1” and 0.45 V for a Logic “0”. Input pulse rise and fall times are < 20 ns. 


SWITCHING TEST CIRCUIT 


Device 2.7 kQ 
Under 0+5V 
Test 


Diodes = IN3064 
or Equivalent 


10205-004A 


Ci = 100 pF including jig capacitance 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must Be Will Be 
Steady Steady 


May Will Be 
Change Changing 
from H to L from H to L 


May Will Be 
Change Changing 
from L to H from L to H 


Don’t Care, Changing, 
Any Change State 
Permitted Unknown 


Does Not Center 

Apply Line is High 
Impedance 
“Off” State 


KS000010 


SWITCHING WAVEFORM 


2.4 50 
Addresses Be Addresses Valid 
0.45 8 
CE (E) 
= {CE 
OE (G) 
tOE 
tACC 
(Note 1) 
oo EG 


10205-005A 
Notes: 


1. OE (G) may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 
2. toF is specified from OE or CE, whichever occurs first. 
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PROGRAMMING FLOW CHART 


Vpp = 12.75 V 


Increment X 


Interactive 
Section 
Increment Address 
Verify Section 


Device Failed 


Pass 


10205-008A 


Figure 2. Flashrite Programming Flow Chart 
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PRELIMINARY 


Parameter | 
Symbol | Parameter Description Test Conditions 


Input Current (All Inputs) 

Input LOW Level (All Inputs ee ees 
2S ee eens Rees Ce SS ae 
| Vo.__| Output LOW Voltage During Verify |la=21mA | |TV 
| Vou _| Output HIGH Voltage During Verify ss |lon=—400pA | 24 | UV 
ove (eS Aa eee Welegs ef a ee 
|__lcc _| Voc Supply Current (Program& Verify) | CSC S| mA 
| lee | VepSupply Current (Program) | CE=Vu,OE=Vn | S| S50 | mA 
ise Voc) haste tame Vemma ee 660 
| Vee ___|Flashrite ProgrammingVoltage | —“‘“‘CS*sL:CS | 1. | OVC 


SWITCHING PROGRAMMING CHARACTERISTICS (Ta = +25°C +5°C) (Notes 1, 2, & 3) 
PRELIMINARY 


Parameter 
Symbols 


Standard Parameter Description 


OE Setup Time 


Data Valid from OE 


Notes: 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 


2. When programming the Am27C2048, a 0.1 uF capacitor is required across Vpp and ground to suppress spurious voltage 
transients which may damage the device. 


3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 
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FLASHRITE PROGRAMMING ALGORITHM WAVEFORM (Notes 1 & 2) 


Program Program Verify 
VIH 


iG re 2 


tAH 
pare 
Data [ DatainStable In Stable { Data Out Valid ~ Data Out Valid 


VPP Vit orVin 

Voc + 1 WPS 
Vcc 

Vcc 

tvc 

ViH 
CE 

Vit 


t 
~~ pe eee Os Se 
: Pe 
5. SR eee ere: 


Vin tOES 


2) 


VIL 


Notes: 10205-006B 


1. The input timing reference level is 0.8 for Vi_ and 2 V for Vin. 


2. toe and tprPp are characteristics of the device, but must be accommodated by the programmer. 
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Am27C040 


4 Megabit (524,288 x 8-Bit) CMOS EPROM 


DISTINCTIVE CHARACTERISTICS 
m= Fast access time 
-— 90 ns 
= Low power consumption 
— 20 pA typical CMOS standby current 
m JEDEC-approved pinout 
— plug in upgrade of 1 Megabit and 2 Megabit 
EPROMs 
— easy upgrade from 28-pin JEDEC EPROMs 
= Single +5 V power supply 


= +10% power supply tolerance standard on 
most speeds 


Advanced 
Micro 
Devices 


m= 100% Flashrite™ programming 
— typical programming time of less than 3 minutes 

= Latch-up protected to 100 mA from —1 V to 
Veg + 1V 

= High noise immunity 

= Compact 32-pin DIP, PDIP, LCC and PLCC 
packages require no hardware change for 
upgrades to 8 megabits 

= Versatile features for simple interfacing 
— both CMOS and TTL input/output compatibility 
— two line control functions 


GENERAL DESCRIPTION 


The Am27C040 is a 4 megabit ultraviolet erasable pro- 
grammable read-only memory. It is organized as 512K 
words by 8 bits per word, operates from a single + 5 V 
supply, has a static standby mode, and features fast 
single address location programming. Products are 
available in windowed ceramic DIP and LCC packages 
as well as plastic one time programmable (OTP) PDIP 
and PLCC packages. 


Typically, any byte can be accessed in less than 90 ns, 
allowing operation with high-performance microproces- 
sors without any WAIT states. The Am27C040 offers 
separate Output Enable (OE) and Chip Enable (CE) con- 


trols, thus eliminating bus contention in a multiple bus 
microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power 
consumption is only 100 mW in active mode, and 100 
uW in standby mode. 


All signals are TTL levels, including programming sig- 
nals. Bit locations may be programmed singly, in blocks, 
or at random. The Am27C040 supports AMD's 
Flashrite™ programming algorithm (100 us pulses) 
resulting in typical programming times of less than 3 
minutes. 


BLOCK DIAGRAM Ss 
O——® GND 


EGS 


OE 
CE/PGM 


CHIP ENABLE 
AND 
PROG LOGIC 
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OUTPUT ENABLE 


BUFFERS 


Am27C040 


¥ 
DECODER 


A om A 18 oe 
ADDRESS 
INPUTS x 
DECODER 
oo 


DATA OUTPUTS 


7: 
GATING 


4,194,304-BIT 
CELL MATRIX 


14971-001A 


Publication# 14971 Rev. B Amendment /0 
Issue Date: March 1991 


AMD’ 
PRODUCT SELECTOR GUIDE 


Family Part No. Am27C040 


Veco + 5% | 

sO Te 
a 1 
aan le 
[RE Acess Tin (nwo 


CONNECTION DIAGRAMS 
Top View 
DIP 
Voc 
Aig 
Ai7 A14 
Ar4 Kes 
Aig 
Ag 
Ag 
As, Aas 
= OE G 
man : (G) 
CE (EVPGM (P) 10 
Da, CE (EVPGM (P) 
DQ, 0G 
0a, 
0a, 
0a, 
14971-003A 
Notes: 
1. JEDEC nomenciature is in parentheses. * Also available in 32-pin rectangular plastic leaded chip carrier. 
2. The 32-Pin DIP to 32-Pin LCC configuration varies from the 
JEDEC 28-Pin DIP to 32-Pin LCC configuration. 
LOGIC SYMBOL PIN DESCRIPTION 
A- Ais = Address Inputs 
CE (E)/PGM (P) = Chip and Program Enable Input 
DQ,- DQ, = Data Inputs/Outputs 
OE (G) = Output Enable Input 
Voc = V.,, Supply Voltage 
SO ge San eS Vio = Program Supply Voltage 
CE (E)/PGM (P) GND Be EE 


OE (G) 
14971-002A 
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ORDERING INFORMATION 

EPROM Products 

AMD Standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: a. Device Number 


b. Speed Option 
c. Package Type 
d. Temperature Range 
e. Optional Processing 


e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0° to +70°C) 
| = Industrial (—40° to +85°C) 
E = Extended Commercial (—55° to +125°C) 


c. PACKAGE TYPE 
D = 32-Pin Ceramic DIP (CDV032) 
L = 32-Pin Rectangular Ceramic Leadless Chip 
Carrier (CLV032, JEDEC Type) 


b. SPEED OPTION 
| See Product Selector Guide and Valid Combinations 


a. DEVICE NUMBER 
Am27C040 
4 Megabit (512K x 8) CMOS UV EPROM 


Valid Combinations 


DC, DCB, DE, Valid Combinations 

DEB, DI, DIB, Valid Combinations list configurations planned to be supported 
LC, LCB, LI, in volume for this device. Consult the local AMD sales office to 
LIB, LE, LEB confirm availability of specific valid combinations or to check on 
newly-released combinations. 
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ORDERING INFORMATION 
OTP Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed 


by a combination of: 


AM27C040 -150 P Cc 


Valid Combinations 


AM27C040-150 
AM27C040-155 


PC, JC, 


AM27C040-200 Pl, Jl 
AM27C040-250 


a. 
b. Speed Option 
c. 
d 
e 


Device Number 


Package Type 


. Temperature Range 
. Optional Processing 


ss e. OPTIONAL PROCESSING 


Blank = Standard processing 


d. TEMPERATURE RANGE 


C = Commercial (0° to +70°C) 
| = Industrial (-40° to +85°C) 


c. PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded Chip 
Carrier (PL 032) 


b. SPEED OPTION 
See Product Selector Guide and Valid Combinations 


a. DEVICE NUMBER 
Am27C040 
4 Megabit (512K x 8) CMOS OTP EPROM 


Valid Combinations 
Valid Combinations list configurations planned to be supported 
in volume for this device. Consult the local AMD sales office to 
confirm availability of specific valid combinations or to check 
on newly-released combinations. 
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ORDERING INFORMATION 
Military APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 


by a combination of: a. Device Number 
b. Speed Option 
c. Device Class 
d. Package Type 
e. Lead Finish 


j 


. LEAD FINISH 


AM27C040 -150 1] - 4 A 
A = Hot Solder Dip 


d. PACKAGE TYPE 
X = 32-Pin Ceramic DIP (CDV032) 
U = 32-Pin Rectangular Ceramic Leadless Chip 
Carrier (CLV032) 


c. DEVICE CLASS 
/B = Class B 


b. SPEED OPTION 
See Product Selector Guide and Valid Combinations 


a. DEVICE NUMBER 
Am27C040 
4 Megabit (512K x 8) CMOS UV EPROM 


Valid Combinations 
Valid Combinations list configurations planned to be supported 
in volume for this device. Consult the local AMD sales office to 
confirm availability of specific valid combinations, to check on 
newly-released combinations. 


Valid Combinations 


AM27C040-150 
AM27C040-200 /BXA, /BUA 


AM27C040-250 


Group A Tests 
Group A tests consist of Subgroups 1,2,3,7,8,9,10,11. 


For other Surface Mount Package options, contact NVD 
Military Marketing. 
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FUNCTIONAL DESCRIPTION 
Erasing the Am27C040 


In order to clear all locations of their programmed con- 
tents, it is necessary to expose the Am27C040 to an 
ultraviolet light source. A dosage of 15 W seconds/cm* 
is required to completely erase an Am27C040. This dos- 
age can be obtained by exposure to an ultraviolet lamp 
— wavelength of 2537 Angstroms (A) —with intensity of 
12,000 W/cm for 15 to 20 minutes. The Am27C040 
should be directly under and about one inch from the 
source and all filters should be removed from the UV light 
source prior to erasure. 


It is important to note that the Am27C040 and similar 
devices will erase with light sources having wavelengths 
shorterthan 4000 A. Although erasure times will be much 
longer than with UV sources at 2537 A, exposure to fluo- 
rescent light and sunlight will eventually erase the 
Am27C040 and exposure to them should be prevented 
to realize maximum system reliability. If used in such an 
environment, the package window should be covered by 
an opaque label or substance. 


Programming the Am27C040 

Upon delivery or after each erasure the Am27C040 has 
all 4,194,304 bits in the “ONE” or HIGH state. “ZEROs” 
are loaded into the Am27C040 through the procedure of 
programming. 

The programming mode is entered when 12.75 + 0.25 V 
is applied to the V,, pin, CE is at V,, and OE is at V,,,. 


For programming, the data to be programmed is applied | 


8 bits in parallel to the data output pins. 


The flowchart (Figure 2) shows AMD’s Flashrite algo- 
rithm. The Flashrite algorithm reduces programming 
time by using 100 ps programming pulses and by giving 
each address only as many pulses as is necessary in 
order to reliably program the data. After each pulse is 
applied to a given address, the data in that address is 
verified. Ifthe data does not verify, additional pulses are 
given until it verifies or the maximum is reached. This 
process is repeated while sequencing through each 
address of the Am27C040. This part of the algorithm is 
done at V,,. = 6.25 V to assure that each EPROM bit is 
programmed to a sufficiently high threshold voltage. 
After the final address is completed, the entire EPROM 
memory is verified at V,. = V,p = 5.25 V. 


Program Inhibit 


Programming of multiple Am27C040 in parallel with dif- 
ferent data is also easily accomplished. Except for CE, 
all like inputs of the parallel Am27C040 may be common. 
A TTL low-level program pulse applied to an Am27C040 
CE input with V,, = 12.75 + 0.25 V, and OE HIGH will 
program that Am27C040. A high-level CE input inhibits 
the other Am27C040 devices from being programmed. 


Program Verify 


Averify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify should be performed with OE at V, , CE at V,,, and 
Vpp between 12.5 V and 13.0 V. 


Auto Select Mode 


The auto select mode allows the reading out of a binary 
code from an EPROM that will identify its manufacturer 
and type. This mode is intended for use by program- 
ming equipment forthe purpose of automatically match- 
ing the device to be programmed with its corresponding 
programming algorithm. This mode is functional in the 
25°C + 5°C ambient temperature range that is required 
when programming the Am27C040. 


To activate this mode, the programming equipment 
must force 12.0 + 0.5 V on address line A, of the 
Am27C040. Two identifier bytes may then be se- 
quenced from the device outputs by toggling address 
line A, from V, to V,,,. All other address lines must be 
held at V, during auto select mode. 


Byte 0 (A, = V,,) represents the manufacturer code, and 
byte 1(A, = V,,,), the device identifier code. For the 
Am27C040, these two identifier bytes are given in the 
Mode Select Table. All identifiers for manufacturer and 
device codes will possess odd parity, with the MSB 
(DQ,) defined as the parity bit. 


Read Mode 


The Am27C040 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and should be used to gate 
data to the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (t,,,) is equal to the delay from CE to output (t,,). 
Data is available at the outputs t,, after the falling edge 
of OE, assuming that CE has been LOW and addresses 
have been stable for at least t,..— to,- 


Standby Mode 


The Am27C040 has a CMOS standby mode which 
reduces the maximum V_, current to 100 pA. Itis placed 
in CMOS-standby when CE is at V,, + 0.3 V. The 
Am27C040 also has a TTL-standby mode which re- 
duces the maximum V,,. current to 1.0 mA. It is placed 
in TTL-standby when CE is at V,,. When in 
standby mode, the outputs are in a high-impedance 
state, independent of the OE input. 
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Output OR-Tieing 


To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 


2. Assurance that output bus contention will not 
occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices inthe array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
low-power standby mode and that the output pins are 
only active when data is desired from a particular mem- 
ory device. 


MODE SELECT TABLE 


Output Disable 


IL 


Auto Select 
(Note 3) 


Notes: 

1. V, = 12.0 +05V 

2. X= Either V,,orV,, 
3. A, a A, “i A,.> A,. = View 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the output 
capacitance loading of the device. At a minimum, a 
0.1 y.F ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between V_,. 
and GND to minimize transient effects. In addition, to 
overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on EPROM 
arrays, a 4.7 uF bulk electrolytic capacitor should be 
used between V_,. and GND for each eight devices. The 
location of the capacitor should be close to where the 
power supply is connected to the array. 


4. See DC Programming Characteristics for V,,, voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
OTP products —65° to +125°C 
All other products —65° to +150°C 
Ambient Temperature 
with Power Applied —55° to +125°C 
Voltage with Respect to Ground: 
All pins except A,, Vpp, Veg -0.6 toV,, + 0.6 V 
(Note 1) 
A, and V,, —0.6 to +13.5 V 
(Note 2) 
ve. —0.6 to +7.0 V 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent damage to the device. This is 
a stress rating only; functional operation of the device at these 
or any otherconditions above those indicated in the operational 
sections of this specification is not implied. Exposure of the 
device to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 

1. During transitions, the inputs may overshoot GND to —2.0 
V for periods of up to 20 ns. Maximum DC voltage on input 
may overshoot to V.,. + 2.0 V for periods of up to 20 ns. 


2. During transitions, A, and V,,, may overshoot GND to -2.0 
V for periods of up to 20 ns. "A, and Ver ' must not exceed 
13.5 V for any period of time. 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (T,) 0° to +70°C 
industrial (Il) Devices 

Case Temperature (T,) —40° to +85°C 
Extended Commercial (E) Devices 

Case Temperature (T,) —55° to +125°C 
Military (M) Devices 

Case Temperature (T,) —55° to +125°C 
Supply Read Voltages: 

Voc for Am27C040-XX5 +4.75 to +5.25 V 

Voc for Am27C040-XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating range unless otherwise specified. 
(Notes 1, 4, 5, and 8) i 
(for APL Products, Group A, Subgroups 1, 2, 3, 7, and 8 are tested unless otherwise noted) 
TTL and NMOS 


Parameter 
Symbol | Parameter Description Test Conditions 


Output HIGH Voltage Loy = 400 pA 
Vou 
Vin 
V 
hi 
lo 
lees 


ee Output LOW Voltage ly = 2-1 MA 
ipa es Input HIGH Voltage 
Input LOW Voltage 


Input Load Current Vy =O V tO +V—E, 
Output Leakage Current Vour = 9 V to +V, 


CE =V,,f=5 MHz 


IL? 


Voc Active Current lor = 0 MA 


(Notes 5, 9) 


i (Open Outputs) 
Veg Standby Current CE=V,, 


Vpp Current DuringRead | CE=OE=V,, Vop = Voc 


IL? 


(Note 6) 


CMOS 


Parameter | 
Symbol | Parameter Description Test Conditions 
Output HIGH Voltage low = 400 pA 
ae. 


hi Input Load Current Vy =O Vto+V,, C/l Devices yA 
= Output Leakage Current Vour = 9 Vto +V,, | C/I Devices 


Soe eee 
Be ee 
Bie Gilde 
pane 
Voc Active Current CE = V,, f = 5 MHz CADW ee 
cease es 
pubes ls ey 
ome 


IL? 
(Notes 5, 9) lour = 9 MA 

(Open Outputs) 
Veg Standby Current CE=V,,+0.3V | C/I Devices 


Vpp Current DuringRead | CE=OE=V 
(Note 6) 


Vpp Voc 
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Supply Current in mA 


Frequency in MHz 


14791-004B 
Figure 1. Typical Supply Current vs. Frequency 


Veg = 5.0 V, T= 25°C 


CAPACITANCE (Notes 2, 3, and 7) 


Parameter Parameter Test 
Symbol Description Conditions | Typ. | Max. | 


Notes: 

. Vg¢ must be applied simultaneously or before V,,, and removed simultaneously or after V,,. 

. Typical values are for nominal supply voltages. 

. This parameter is only sampled, not 100% tested. 

. Caution: the Am27C040 must not be removed from (or inserted into) a socket when V,,, or V,, is applied. 

- Moe, is tested with OE = V,,, to simulate open outputs. 

. Maximum active power usage is the sum of I, , and I,,. 

. T,= +25°C, f = 1 MHz. 

. Minimum DC Input Voltage is -0.5 V. During transitions, the inputs overshoot to -2.0 V for periods less than 20 ns. Maximum 
DC Voltage on output pins is V.,, +0.5 V, which may overshoot to V.,,, +2.0 V for periods less than 20 ns. 

9. For typical supply current values at various frequencies, refer to Figure 1. 


oe se 
ie os 
moe 
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SWITCHING CHARACTERISTICS over operating range unless otherwise en 
(Notes 1, 3, and 4) 
(for APL Products, Group A, Subgroups 9, 10, and 11 are tested unless otherwise noted) 


Parameter 


Test 
Conditions 


Address to 
Output Delay 


Chip Enable to 
Output Delay 


Output Enable to 
Output Delay 


Chip Enable HIGH or 
Output Enable HIGH, 
whichever comes 
first, to Output Float 


Output Hold from 
Addresses, CE, or OE, 
whichever occurred first 


150 |200 | 250. 
150 |200 | 250_ 
Sot sec) ae 
dea 


Notes: 


1. V,, must be applied simultaneously or before V,,, and removed simultaneously or after V.,,.. 


PP? 
2. This parameter is only sampled, not 100% tested. 
3. Caution: The Am27C040 must not be removed from (or inserted into) a socket or board when V,,, or V.. is applied. 
4. Output Load: 1 TTL gate andC, = 100 pF 

Input Rise and Fall Times: 20 ns 

Input Pulse Levels: 0.45 to 2.4 V 

Timing Measurement Reference Level — Inputs: 0.8 to 2.0 V 


Outputs: 0.8 to 2.0 V 


SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM 
2.4V _ - 
an %S TEST POINTS & 
0.45V 0.8 V 0.8 V 
INPUT OUTPUT 


DIODES = IN3064 
OR EQUIVALENT 


AC Testing: Inputs are driven at 2.4 V for a logic "1" and 0.45 V for a logic "0." 
Input pulse rise and fall times are < 20 ns. 


C,_ = 100 pF including jig capacitance. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 
Must Be Will Be 
Steady Steady 
May Will Be 
Change Changing 
from H to L from H to L 
May Will Be 
Change Changing 
from Lto H from L to H 
Don’t Care Changing 
Any Change State 
Permitted Unknown 
Does Not Center 
Apply Line is High 
Impedance 
“Off” State KS000010 
SWITCHING WAVEFORMS 
i F230 errs: F: 
ADDRESSES Ss ADDRESSES VALID : 
0.8 0.8 
0.45 EAE 
CE/PGM opie ewe 
ICE 
OE ere 
‘OE 
acc 'OH 
(NOTE 1) 
OUTPUT eke ocean VALID OUTPUT aicez 
Notes: 14971-005A 
1. OE may be delayed up to treo ~ tog after the falling edge of CE without impact on te 
2. t,, is specified from OE or CE, whichever occurs first. 
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INCREMENT X 


START 
ADDRESS = FIRST LOCATION 
Veg = 6.25 V 
PROGRAM ONE 100 ys PULSE 


INTERACTIVE 
SECTION 
INCREMENT ADDRESS 
VERIFY 
SECTION 


DEVICE FAILED 
PASS 
DEVICE PASSED 


Figure 2. Flashrite Programming Flow Chart 
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DC PROGRAMMING CHARACTERISTICS (T, = +25°C + 5°C) (Notes 1, 2, and 3) 


Standard Parameter Description 


| eee nye 
a Lae 
| aaa 
a 
tor | Output Enable 9 Output Fa Delay 
| tyes | Vpp Setup Time 
tow | PSR Program Puce Width 
i 
ae 
Le 6)... sae 
Notes: 


1. V,, must be applied simultaneously or before V,,,, and removed simultaneously or after V,,.. 


2. When programming the Am27C040, a 0.1-uF capacitor is required across V,,, and ground to suppress spurious voltage 
transients that may damage the device. 


3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 


Ls 
Bie 
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FLASHRITE PROGRAMMING ALGORITHM WAVEFORM (Notes 1 and 2) 


PROGRAM PROGRAM VERIFY 


as— Hi-Z 


DATA ‘ saree IN STABLE a a { DATA [DATA OUT VALID _ VALID 


Vpp 
Voor! vps 


Notes: 
1. The input timing reference level is 0.8 V for a V,, and 2 V for a V,,.. 
2. to, and t,,, are characteristics of the device but must be accommodated by the programmer. 
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Am27C400 


4 Megabit (524,288 x 8-Bit/262,144 x 16-Bit) 


ROM Compatible CMOS EPROM 


DISTINCTIVE CHARACTERISTICS 


@ Fast access time 
-—90 ns 


@ Low power consumption 
— 20 pA typical CMOS standby current 


@ Industry standard pinout: 
— ROM compatible 
— 40-pin DIP, and PDIP packages provide 
easy upgrade to 8 megabits 


m@ Single +5 V power supply 


@ +10% power supply tolerance standard on most 
speeds 


GENERAL DESCRIPTION 


The Am27C400 is a 4 megabit ultraviolet erasable pro- 
grammablie read-only memory that is functionally and 
pinout compatible with 4 megabit masked ROMs. Under 
control of the BYTE input, the memory can be config- 
ured as either a 512K by 8-bit memory or a 256K by 
16-bit memory. It operates from a single +5 V supply, 
has a static standby mode, and features fast single 
address location programming. Products are available 
in windowed ceramic DIP packages as well as plastic 
one time programmable (OTP) PDIP packages. 


Typically, any byte can be accessed in less than 90 ns, 


allowing operation with high-performance microproces- 
sors without any WAIT states. The Am27C400 offers 


BLOCK DIAGRAM 


Publication# 15573 Rev. A 
issue Date: March 1991 


Amendment/0 


Advanced 
Micro 
Devices 


@ 100% Flashrite™ programming 
— typical programming time of less than 3 minutes 


@ Latch-up protected to 100 mA from -1 V to 
Vec+1V 


@ High noise immunity 


@ Versatile features for simple interfacing 
— both CMOS and TTL input/output compatibility 
— two line control functions 


separate Output Enable (OE) and Chip Enable (CE) 
controls, thus eliminating bus contention in a multiple 
bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 100 pW in 
standby mode. 


All signals are TTL levels, including programming sig- 
nals. Bit locations may be programmed singly, in blocks, 
or at random. The Am27C400 supports AMD’s Flash- 
rite™ programming algorithm (100 ps pulses) resulting 
in typical programming times of less than 3 minutes. 


Data ae i. 


4,194,304-Bit 
Cell Matrix 
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PRODUCT SELECTOR GUIDE 


Ordering Part No: 


meee 
[ "Max. Access Time (ns) [90 
[|__CE(E) Access Time (ns) | 90 

a eo 


OE (G) Access Time (ns) 


CONNECTION DIAGRAM 


Top View 
DIP 


Notes: 

1. JEDEC nomenciature is in parenthesis. 06780-002E 

2. PLCC connection diagram to be determined 

LOGIC SYMBOL PIN DESCRIPTIONS 
AB = Address Input (BYTE Mode) 
Ao—A17 _ = Address Inputs 
CE (E)/PGM (P) = Chip Enable and Program Enable Inputs 
DQo—-DQ15 = Data Inputs/Outputs 7 
OE (G) = Output Enable Input 
Vec = Vcc Supply Voltage 
Vpp = Program Supply Voltage 
GND = Ground 
NC = No Internal Connection 
BYTE = Byte/Word Switch 


15452-005B 
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ORDERING INFORMATION 
EPROM Products 
AMD standard products are available in several Bevles Nu and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Number 
b. Speed Option 
c. Package Type 
d. Temperature Ran 
e. Optional Processing 
AM27C400 -90 D Cc 


B 
i e. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 


c. PACKAGE TYPE 
D = 40-Pin Ceramic DIP (CDV040) 


b. SPEED OPTION 
See Product Selector Guide and Valid 
Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C400 
4 Megabit (512K x 8/256K x 16) CMOS UV EPROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations. 
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Temperature Ran 


ORDERING INFORMATION 
OTP Products 
AMD standard products are available in several pre peckages. and operating ranges. The order number (Valid Combination) is 
formed by a combination of: = Opti 
Speed on 
- Package Type 
e. 


Optional Processing 


AM27C400 -150 


Le 


a. DEVICE NUMBER/DESCRIPTION 
Am27C400 


9 


. OPTIONAL PROCESSING 


Blank = Standard processing 


. TEMPERATURE RANGE 


C = Commercial (0 to +70°C) 
| = Industrial (-40°C to +80°C) 


PACKAGE TYPE 

P = 40-Pin Plastic DIP (PD 040) 

J = 44-Pin Rectangular Plastic Leaded Chip 
Carrier (PL 044) 


SPEED OPTION 
See Product Selector Guide and Valid 
Combinations 


4 Megabit (512K x 8/256K x 16) CMOS OTP EPROM 


Valid Combinations 


AM27C400-150 
AM27C400-155 


AM27C400-200 


AM27C400-255 


PC, JC, Pl, Jl 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations. 
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FUNCTIONAL DESCRIPTION 
Erasing the Am27C400 


In order to clear all locations of their programmed con- 
tents, it is necessary to expose the Am27C400 to an 
ultraviolet light source. A dosage of 15 W seconds/cm? 
is required to completely erase an Am27C400. This dos- 
age can be obtained by exposure to an ultraviolet lamp 
— wavelength of 2,537 Angstroms (A) — with intensity 
of 12,000 uW/cm* for 15 to 20 minutes. The Am27C400 
should be directly under and about one inch from the 
source and all filters should be removed from the UV 
light source prior to erasure. 


It is important to note that the Am27C400 and similar 
devices will erase with light sources having wavelengths 
shorter than 4000 A. Although erasure times will be 
much longer than with UV sources at 2,537A, exposure 
to fluorescent light and sunlight will eventually erase the 
Am27C400 and exposure to them should be prevented 
to realize maximum system reliability. If used in such an 
environment, the package window should be covered 
by an opaque label or substance. 


Programming the Am27C400 


Upon delivery or after each erasure the Am27C400 has 
all 4,194,304 bits in the “ONE” or HIGH state. “ZEROs” 
are loaded into the Am27C400 through the procedure of 
programming. 


The programming mode is entered when 12.75+ 0.25 V 
is applied to the Ver pin, CE is at Vit, and OE is at Vin. 


For programming, the data to be programmed is applied 
16 bits in parallel to the data output pins. 


The flowchart (Figure 2) shows AMD’s Flashrite algo- 
rithm. The Flashrite algorithm reduces programming 
time by using 100 ps programming pulses and by giving 
each addresss only as many pulses as is necessary in 
order to reliably program the data. After each pulse is 
applied to a given address, the data in that address is 
verified. If the data does not verify, additional pulses are 
given until it verifies or the maximum is reached. This 
process is repeated while sequencing through each ad- 
dress of the Am27C400. This part of the algorithm is 
done at Vcc = 6.25 V to assure that each EPROM bit is 
programmed to a sufficiently high threshold voltage. Af- 
_ter the final address is completed, the entire EPROM 
memory is verified at Vcc = Vpp = 5.25 V. 


Program Inhibit 


Programming of multiple Am27C400s in parallel with 
different data is also easily accomplished. Except for 
CE, all like inputs of the parallel Am27C400 may be 
common. A TTL low-level program pulse applied to an 
Am27C400 CE input with Vpp = 12.75 + 0.25 V, and OE 
HIGH will program that Am27C400. A high-level CE in- 
put inhibits the other Am27C400 devices from being 
programmed. 
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Program Verify 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify should be performed with OE at Vit, CE at Vin and 
Vpp between 12.5 V and 13.0 V. 


Auto Select Mode 


The auto select mode allows the reading out of a binary 
code from an EPROM that will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching 
the device to be programmed with its corresponding 
programming algorithm. This mode is functional in the 
25°C +5°C ambient temperature range that is required 
when programming the Am27C400. 


To activate this mode, the programming equipment 
must force 12.0 + 0.5 V on address line Ao of the 
Am27C400. Two identifier bytes may then be se- 
quenced from the device outputs by toggling address 
line Ao from Vit to Vin. All other address lines must be 
held at Vi. during auto select mode. 


Byte 0 (Ao = Vi_) represents the manufacturer code, and 
Byte 1 (Ao = Vin), the device identifier code. For the 
Am27C400, these two identifier bytes are given in the 
Mode Select table. All identifiers for manufacturer and 
device codes will possess odd parity, with the MSB 
(DQz7) defined as the parity bit. 


Read Mode 


The Am27C400 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. As- 
suming that addresses are stable, address access time 
(tacc) is equal to the delay from CE to output (tce). Data 
is available at the outputs toe after the falling edge of OE, 
assuming that CE has been LOW and addresses have 
been stable for at least tacc — toe. 


Byte Mode 


The user has the option of reading data in either 16-bit 
words or 8-bit bytes under control of the BYTE input. 
With the BYTE input HIGH, inputs Ao — A17 will address 
256K words of 16-bit data. When the BYTE input is 
LOW, AB functions as the least significant address input 
and 512K bytes of data can be accessed. The 8 bits of 
data will appear on DQo — DQ7. 


Standby Mode 


The Am27C400 has a CMOS standby mode which re- 
duces the maximum Vcc current to 100 LWA. It is placed in 
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CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27C400 also has a TTL-standby mode which re- 
duces the maximum Vcc current to 1.0 mA. itis placed in 
TTL-standby when CE is at Vin. When in standby mode, 
the outputs are in a high-impedance state, independent 
of the OE input. 


Output OR-Tieing 


To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 


are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1 uF ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on EPROM ar- 
rays, a 4.7 pF bulk electrolytic capacitor should be used 
between Vcc and GND for each eight devices. The loca- 
tion of the capacitor should be close to where the power 
supply is connected to the array. 


Mode Select Table 


soe ce fi sere ob t Sat 
sa a ee ee ee 
ae OO es 
2 Se Ee RS eS es ee a ee ee 
Sauk OuoS) 7 iveezoav|=- x | x | xk | Ok ee 
fee a fk ee ee 
Peeeneg we ee 
[Programinnibt [vw | vw |x| x | Ve | wz 
Spear ne IE  S B 


(Note 3) 


Notes: 

1. VH=12.0V+0.5V 

2. X= Either Vin or Vit 

3. Ai—As = A10—Ai5 = ViL 
4 


Device Code | ve | | vm | ww | | 90m 


. See DC Programming Characteristics for Vpp voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature: 
OTP Products —65 to +125°C 
All Other Products —65 to +150°C 
Ambient Temperature 
with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 
All pins except Ag, Vpp, 
Vcc (Note 1) —0.6 to Vcc +0.6 V 
Ag and Vpp (Note 2) —0.6to +13.5V 
Vec -—0.6 to +7.0V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


Notes: 


1. During transitions, the inputs may overshoot GND to 
—2.0 V for periods of up to 20 ns. Maximum DC voltage on 
input may overshoot to Vcc + 2.0 V for periods of up to 
20 ns. 


2. During transitions, Ag and Vpp may overshoot GND to 


—2.0 V for periods of up to 20 ns. Ag and Vpp must not ex- 
ceed 13.5 V for any period of time. 


PRELIMINARY 

OPERATING RANGES 
Commercial (C) Devices 

Case Temperature (Tc) 0 to +70°C 
industrial (1) Devices 

Case Temperature (Tc) —40° to +85°C 
Supply Read Voltages: 

Vcc for Am27C400-XX5 +4.75 to +5.25 V 

Vcc for Am27C400-XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating range unless otherwise specified. 
(Notes 1, 4, 5, & 8) 


a a Pra 
Symbol | Parameter Description Test Conditions 


TTL and NMOS Inputs 


| Vou | OutputHiGH Voltage | ton=-400wA || 


[Va [Output owvotage si la=21maSSSC~dSSSSC~*dCtB 
[Win [inputninvotage CO SSC*dSC Od 
vi ie Noege es | OR 
Se SS a 


| ho | OutputLeakage Current | Vour=OVtowVec | OA 


lcc1 | Voc Active Current cae 
(Notes 5, 9) mA 
louT 
(Ope ) 
P10 | mA. 


Vpp Current During Read CE = OE = Vit, Vpp = Voc oo 
(Note 6) 


| Vou__|OutputHiGH Votage | ton=—#00waA Nec] 
[Vo [OutputtowVotage —i=2ama Tas 


Input HIGH Voltage Peewee ee 
input LOW Voltage ee 
Input Load Current Vin = 0 V to Voc Bees oe ae ae 
Output Leakage Current Vout = 0 V to Vcc ee aes 
CE = Vi, 
Icc1 Vcc Active Current f = 5 MHz, 
(Notes 5, 9) lout = 0 mA 
(Open Outputs) 
Vcc Standby Current CE = Vec + 0.3V pees ee 


Vpp Current During Read CE = OE= Vi, 
(Note 6) Ver = Voc BA 
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30 


25 


Supply Current 
inmA 20 


15 


10 


Frequency in MHz 


14791-004B 


Figure 1. Typical Supply Current vs. Frequency 
Vcc = 5.0 V, T = 25°C 


CAPACITANCE (Notes 2, 3, & 7) 


Parameter 
Sunes Parameter Description eigenen Conditions i | 


EVne OVE coi de coe [out afader eS fs 8 pepe | 
ee ern tet see 


Notes: 

Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

Typical values are for nominal supply voltages. 

This parameter is only sampled, not 100% tested. 

Caution: The Am27C400 must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 
Icc1 is tested with OE = Vin to simulate open outputs. 


Maximum active power usage is the sum of Icc and Ipp. 

TA = +25°C, f = 1 MHz. 

Minimum DC input voltage is —0.5 V. During transitions, the inputs overshoot to —2.0 V for periods less than 20 ns. 
Maximum DC voltage on output pins is Vcc + 0.5 V, which may overshoot to Vcc + 2.0 V for periods less than 20 ns. 
9. For typical supply current values at various frequencies, refer to Figure 1. 


eh W TA alt cht ate Mt rsh ace 
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Nise over operating ranges unless otherwise specified 
otes 1, 3, 
(for APL Products, Group A, Subgroups 9, 10, and 11 are tested unless otherwise noted) 


Am27C400 
Parameter 
Standard/ Description Test Condition 
Address to 


= ViL 


; 
&8 


or Output Enable 
HIGH, whichever 
comes first, to 


Output Hold from 
Addresses, CE, or 
OE, whichever 
occurred first 


“J 
on 


. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
. This parameter is only sampled, not 100% tested. 


1 
2 
3. Caution: The Am27C400 must not be removed from (or inserted into) a socket or board when Vpp or Vcc is applied. 
4 


. Output Load: 1 TTL gate and Ci = 100 pF 
input Rise and Fall Times: 20 ns 
input Pulse Levels: 0.45 to 2.4 V 
Timing Measurement Reference Level— Inputs: 0.8 and 2.0 V 
Outputs: 0.8 and 2.0 V. 


SWITCHING TEST WAVEFORM 
2.4V 


2.0V 2.0V 


> TEST POINTS ra 


0.8 V 0.8 V 


0.45 V 


input Output 


06780-005E 


AC Testing: Inputs are driven at 2.4 V for a logic “1” and 0.45 for a logic “0”. Input pulse rise and fall times are < 20 ns. 


2-222 Am27C400 


AMD & : PRELIMINARY 


0D +5 V 


Diodes = IN3064 
or Equivalent 


06780-006E 


Ci = 100 pF including jig capacitance 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


Must Be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


OUTPUTS 


Will Be 
Steady 


Will Be 
Changing 
from H to L 


Will Be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 
Line is High 


Impedance 
“Off” State 


KS000010 


SWITCHING WAVEFORMS 


2.4 50 
Addresses er ese ag 
0.45 0.8 
CEPGM 
tCE 
5) 3 
tOE 
(Note 2) 
tAacc 
(Note 1 
Hi-Z LELEE! Er Sie 
Output 
pu ANNYY 


06780-007 
Notes: . 


1. OE may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 
2. tDF is specified from OE or CE, whichever occurs first. 
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PROGRAMMING FLOW CHART 


Address = First Location 
Voc = 6.25 V 
Vpp = 12.75 V 
Program One 100 pis Pulse 


Interactive 
Section 
Yes 
Increment Address 
Yes 
Vcc = Vpp = 5.25 V 
Verify Section 


Device Failed 


Pass 


06780-008E 


Figure 2. Flashrite Programming Flow Chart 
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DC PROGRAMMING CHARACTERISTICS (Ta = +25°C +5°C) (Notes 1, 2, & 3) 


Parameter | 
Symbol | Parameter Description Test Conditions 
ee 7 pA 


| tui input Current (Ailinputs) | Vin= Vor | 
| Vu__| input Low Level(Allinputs) | HOS | | 
Ls We pur iGeievel ee 
| Vor__| Output LOW Voltage During Verity [la =21mA_ | | 45 | 
Output HIGH Voltage During Verit See oT ee ee Se ee Ee 
| Vn___|AsAutoSetectVoltage =| 1 
|_lcc | Voc Supply Current (Program& Verity, | | | 5m 


|_lpp | VepSupply Current (Program) | CE=Vu,OE=Vn | | 30m 
| Vcc __|FlashriteSupplyVoltage | | |S | V 
Flashrite Programming Voltage ee ee | 


SWITCHING PROGRAMMING CHARACTERISTICS (Ta = +25°C +5°C) (Notes 1, 2, & 3) 


Parameter 
Symbols 


| _JEDEC | Standard | Parameter Description 
Address Setup Time 


Data Setup Time 
Address Hold Time 
Data Hold Time 


[ozs | toes |) OF Setup Time 


tELEH1 


Voc Setup Time 
CE Setup Time 
[tov | toe __|_ Data Valid from OF 


Notes: 
1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 


2. When programming the Am27C400, a 0.1 uF capacitor is required across Vpp and ground to suppress spurious voltage 
transients which may damage the device. 


3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 
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FLASHRITE PROGRAMMING ALGORITHM WAVEFORM (Notes 1 & 2) 


Program Program Verify 
Viz 


tas Hi-Z tAH 


Data Data In Stable \! Data Out Valid 
BG ot pace = oe rr 


Vpp Vi. 
Vcc + 1 WPS 
Vcc 
Vcc 
tvcs 
Vin 
tpw tOES 7 


Vit 
Vin 


Vit 
14971-006B 
Notes: 
1. The input timing reference level is 0.8 V for a Vi and 2.0 V for a ViH. 
2. toe and torP are characteristics of the device but must be accommodated by the programmer. 
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Am27C4096 


4 Megabit (262,144 x 16-Bit) CMOS EPROM 


DISTINCTIVE CHARACTERISTICS 


m@ Fast access time 
— 90 ns 


= Low power consumption 
— 25 pA typical CMOS standby current 


m JEDEC-approved pinout 
— plug in upgrade of 1 Megabit and 2 Megabit 
EPROMs 


— 40-pin DIP/PDIP 
— 44-pin LCC/PLCC 
m Single + 5 V power supply 


GENERAL DESCRIPTION 


The Am27C4096 is a 4 megabit ultraviolet erasable 
programmable read-only memory. It is organized as 
256K words by 16 bits per word, operates from a single 
+5 V supply, has a static standby mode, and features fast 
single address location programming. The Am27C4096 
is ideal for use in 16-bit microprocessor systems. Prod- 
ucts are available in windowed ceramic DIP and LCC 
packages as well as plastic one time programmable 
(OTP) PDIP and PLCC packages. 


Typically, any byte can be accessed in less than 90 ns, 
allowing operation with high-performance microproces- 
sors without any WAIT states. The Am27C4096 offers 
separate Output Enable (OE) and Chip Enable (CE) 


Advanced 
Micro 
Devices 


= + 10% power supply tolerance standard on 
most speeds 

m 100% Flashrite™ programming 
— typical programming time of 2 minutes 

= Latch-up protected to 100 mA from —1 V to 
Voge t 1V 

= High noise immunity 

= Versatile features for simple interfacing 
— both CMOS and TTL input/output compatibility 
— two line control functions 


controls, thus eliminating bus contention in a multiple 
bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power 
consumption is only 125 mW in active mode, and 125 
uW in standby mode. 


All signals are TTL levels, including programming sig- 
nals. Bit locations may be programmed singly, in blocks, 
or at random. The Am27C4096 supports AMD's 
Flashrite™ programming algorithm (100 ps pulses) re- 
sulting in typical programming times of less than 2 
minutes. 


BLOCK DIAGRAM 
Gate Ven DATA OUTPUTS 
O—> GND ee ea 
OUTPUT ENABLE 
CHIP ENABLE pap ache 
CE/PGM PROG LOGIC 
Y 
Y GATING 
DECODER 
ree peers 
ADDRESS Poe a ae 
INPUTS 
x 4,194,304-BIT 
DECODER CELL MATRIX 
11408-001A 
Publication# 11408 Rev. B Amendment /0 
2-228 Am27C4096 issue Date: March 1991 
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PRODUCT SELECTOR GUIDE 


Family Part No. Am27C4096 


Ordering Part Number 
VV. £5% 
Vog + 10% 


CONNECTION DIAGRAMS 


Top View ain 


11408-003A 


Notes: 


1. JEDEC nomenclature is in parentheses. 
2. Don't use (DU) for PLCC 


11408-002A : ‘ ; ‘ , : 
* Also available in 44-pin rectangular plastic leaded chip carrier. 


PIN DESCRIPTION 


A—A,, = Address Inputs 

CE (E) = Chip Enable Input 
DQ,-DQ,, = Data Inputs/Outputs 
OE (G) = Output Enable Input 

: ee = V,, Supply Voltage 

Moe = Program Supply Voltage 
GND = Ground 

NC = No Internal Connection 
DU = No External Connection 


11408-004A 
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ORDERING INFORMATION 
EPROM Products 


AMD Standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
Device Number 


by a combination of: a. 


AMD ci 


Speed Option 


Temperature Range 


b. 

c. Package Type 
d 

= 


Optional Processing 


AM27C4096 -90 D Cc B 


: 


, 


Valid Combinations 


DC, DCB, DI, DIB 
DC, DCB, DI, DIB, 
LC, LCB, LI, LIB 
DC. DCB, DE, 
DEB, DI, DIB, 
LC, LCB, LI, 


AM27C4096-255_—sé|: LIB, LE, LEB 


2-230 


. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE 


C = Commercial (0° to +70°C) 
I Industrial (-40° to +85°C) 
E = Extended Commercial (-55° to +125°C) 


. PACKAGE TYPE 


D = 40-Pin Ceramic DIP (CDV040) 
L = 44-Pin Rectangular Ceramic Leadless Chip 
Carrier (CLV044, JEDEC Type) 


. SPEED OPTION 


See Product Selector Guide and Valid Combinations 


. DEVICE NUMBER 


Am27C4096 
4 Megabit (256K x 16) CMOS UV EPROM 


Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability 
of specific valid combinations or to check on 
newly-released combinations. 
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ORDERING INFORMATION 
OTP Products (Preliminary) 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: Device Number 

Speed Option 

Package Type 

Temperature Range 

Optional Processing 


e297 p 


AM27C4096 -125 P Cc 


a e. OPTIONAL PROCESSING 


Blank = Standard processing 


d. TEMPERATURE RANGE 
C = Commercial (0° to +70°C) 
| = Industrial (40° to +85°C) 


c. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
J = 44-Pin Rectangular Plastic Leaded Chip 
Carrier (PL 044) 


b. SPEED OPTION 
See Product Selector Guide and Valid Combinations 


a. DEVICE NUMBER 
Am27C4096 
4 Megabit (256K x 16) CMOS OTP EPROM 


Valid Combinations 
Valid Combinations list configurations plannedto 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability 
of specific valid combinations or to check on 
newly-released combinations. 


Valid Combinations ; 


AM27C4096-125 
AM27C4096-150 PC. JC. 
AM27C4096-200 PI, Jl 


AM27C4096-255 
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ORDERING INFORMATION 
Military APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 


by a combination of: a. Device Number 
b. Speed Option 
c. Device Ciass 
d. Package Type 
e. Lead Finish 
AM27C4096 -120 /B Qa A 


=. e. LEAD FINISH 


A = Hot Solder Dip 


d. PACKAGE TYPE 
Q = 40-Pin Ceramic DIP (CDV040) 
U = 44-Pin Rectangular Ceramic Leadless Chip 
Carrier (CLV044) 


c. DEVICE CLASS 
/B = Class B 


b. SPEED OPTION 
See Product Selector Guide and Valid Combinations 


a. DEVICE NUMBER 
Am27C4096 
4 Megabit (256K x 16) CMOS UV EPROM 


Valid Combinations Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the 
local AMD sales office to confirm availability of 
specific valid combinations, to check on newly- 


AM27C4096-120 


AM27C4096-150 
AM27C4096-200 | ‘?A./BUA 


AM27C4096-250 released combinations. 


Group A Tests 


Group A tests consist of Subgroups 
For other Surface Mount Package options, contact NVD 1,2,3,7,8,9,10,11. 


Military Marketing. 
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FUNCTIONAL DESCRIPTION 

Erasing the Am27C4096 

In order to clear all locations of their programmed con- 
tents, it is necessary to expose the Am27C4096 to an 
ultraviolet light source. A dosage of 15 W seconds/cm* 
is required to completely erase an Am27C4096. This 
dosage can be obtained by exposure to an ultraviolet 
lamp—wavelength of 2537 Angstroms (A)—with inten- 
sity of 12,000 wW/cm? for 15 to 20 minutes. The 
Am27C4096 should be directly under and about one inch 
fromthe source and all filters should be removed fromthe 
UV light source prior to erasure. 


It is important to note that the Am27C4096 and similar 
devices will erase with light sources having wavelengths 
shorterthan 4000 A. Although erasure times will be much 
longer than with UV sources at 2537 A, exposure to 
fluorescent light and sunlight will eventually erase the 
Am27C4096 and exposure to them should be prevented 
to realize maximum system reliability. If used in such an 
environment, the package window should be covered by 
an opaque label or substance. 


Programming the Am27C4096 

Upon delivery or after each erasure the Am27C4096 has 
all 4,194,304 bits in the “ONE” or HIGH state. “ZEROs” 
are loaded into the Am27C4096 through the procedure 
of programming. 


The programming mode is entered when 12.75 + 0.25 V 
is applied to the V,,, pin, CE is at V, and OE is at V,,. 


For programming, the data to be programmed is applied 
16 bits in parallel to the data output pins. 


The flowchart (Figure 2) shows AMD’s Flashrite algo- 
rithm. The Flashrite algorithm reduces programming 
time by using 100 is programming pulses and by giving 
each address only as many pulses as are necessary in 
order to reliably program the data. After each pulse is 
applied to a given address, the data in that address is 
verified. If the data does not verify, additional pulses are 
given until it verifies or the maximum is reached. This 
process is repeated while sequencing through each 
address of the Am27C4096. This part of the algorithm is 
done at V,,, = 6.25 V to assure that each EPROM bit is 
programmed to a sufficiently high threshold voltage. 
After the final address is completed, the entire EPROM 
memory is verified at V,. = V,, = 5.25 V. 


Program Inhibit 

Programming of multiple. Am27C4096 in parallel with 
different data is also easily accomplished. Except for CE, 
all like inputs of the parallel Am27C4096 may be com- 
mon. A TTL_low-level program pulse applied to an 
Am27C4096 CE input with V,, = 12.75 + 0.25 V and OE 
HIGH will program that Am27C4096. A high-level CE 
input inhibits the other Am27C4096 devices from being 
programmed. 


PRELIMINARY 


Program Verify 

Averify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify should be performed with OE atV,, CE at V,,, 
and V_,, between 12.5 V and 13.0 V. 


Auto Select Mode 


The auto select mode allows the reading out of a binary 
code from an EPROM that will identify its manufacturer 
and type. This mode is intended for use by program- 
ming equipment forthe purpose of automatically match- 
ing the device to be programmed with its corresponding 
programming algorithm. This mode is functional in the 
25°C + 5°C ambient temperature range that is required 
when programming the Am27C 4096. 


IL? 


To activate this mode, the programming equipment 
must force 12.0 + 0.5 V on address line A, of the 
Am27C4096. Two identifier bytes may then be se- 
quenced from the device outputs by toggling address 
line A, from V,, to V,,,. All other address lines must be 
held at V,, during auto select mode. 


Byte 0 (A, = V,,) represents the manufacturer code, and 
byte 1(A, = V,,), the device identifier code. For the 
Am27C4096, these two identifier bytes are given in the 
Mode Select Table. All identifiers for manufacturer and 
device codes will possess odd parity, with the MSB 
(DQ_) defined as the parity bit. 


Read Mode 


The Am27C4096 has two control functions, both of 
which must be logically satisfied in order to obtain data 
at the outputs. Chip Enable (CE) is the power control 
and should be used for device selection. Output Enable 
(OE) is the output control and should be used to gate 
data to the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (t,,,) is equal to the delay from CE to output (t,,). 
Data is available at the outputs t,, after the falling edge 
of OE, assuming that CE has been LOW and addresses 
have been stable for at least t,..— to. 


Standby Mode 


The Am27C4096 has a CMOS standby mode which 
reduces the maximum V_,, currentto 100A. Itis placed 
in CMOS-standby when CE is at V,, + 0.3 V. The 
Am27C4096 also has a TTL-standby mode which re- 
duces the maximum V,,.. current to 1.0 mA. It is placed 
in TTL-standby when CE is at V,,. When in 
standby mode, the outputs are in a high-impedance 
state, independent of the OE input. 


Am27C4096 
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Output OR-Tieing 


To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 


2. Assurance that output bus contention will not 
occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and 
connected to the READ line from the system control 
bus. This assures that all deselected memory devices 
are in low-power standby mode and that the output pins 
are only active when data is desired from a particular 
memory device. 


MODE SELECT TABLE 


Program Inhibit 
(Note 3) 


Notes: 
1. X = Either Vor V, 


2. Vi, = 120+05V 
3. A, i; A, " A,, vee A,, y Vie 
4 
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System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the output 
Capacitance loading of the device. At a minimum, a 0.1- 
uF ceramic capacitor (high frequency, low inherent in- 
ductance) should be used on each device between V_,. 
and GND to minimize transient effects. In addition, to 
overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on EPROM 
arrays, a 4.7-uF bulk electrolytic capacitor should be 
used between V,,, and GND for each eight devices. The 
location of the capacitor should be close to where the 
power supply is connected to the array. 


< 


IH 


. See DC Programming Characteristics for V_,, voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
OTP products —65° to +125°C 
All other products —65° to +150°C 
Ambient Temperature 
with Power Applied —55° to +125°C 
Voltage with Respect to Ground: 
All pins except A,, V,., Veo 0.6 toV,, + 0.6 V 
(Note 1) 
A, and V,, —0.6 to +13.5 V 
(Note 2) 
Nan —0.6 to +7.0 V 


Stresses above those listed under Absolute Maximum Ratings 
may Cause permanent damage to the device. This is a stress 
rating only; functional operation of the device at these or any 
other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure of the 
device to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: . 

1. Duringtransitions, the inputs may overshoot GND to—2.0 V 
for periods of up to 20 ns. Maximum DC voltage on input 
and I/O may overshoot to V_ + 2.0 V for periods of up to 
20 ns. 


2. During transitions, A, and V,,, may overshoot GND to -2.0 
V for periods of upto 20 ns. A, and V_,, must not exceed 13.5 
V for any period of time. 
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OPERATING RANGES 
Commercial (C) Devices 

Case Temperature (T,) 0° to +70°C 
industrial (1) Devices 

Case Temperature (T,) —40° to +85°C 
Extended Commercial (E) Devices 

Case Temperature (T,) —55° to +125°C 
Military (M) Devices 

Case Temperature (T,) —55° to +125°C 
Supply Read Voltages: 

Vog for Am27C-4096-XX5 +4.75 to +5.25 V 

Vog for AmM27C4096-XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating range unless otherwise specified. 
(Notes 1, 4, 5, and 8) 

(for APL Products, Group A, Subgroups 1, 2, 3, 7, and 8 are tested unless otherwise noted) 
TTL and NMOS 


Parameter 
Symbol | Parameter Description Test Conditions 


mpananvengee Yc 
ee aS 


Input Load Current Vy =0Vto +Voo C/| Devices 


08 


Output Leakage Current C/l Devices 


Fane 

Poh ss 

reed 

ee 
CE=V,,f=5MH 

eae 


V 
V 
V 
V 
| 
| 


(Notes 5 & 9) re ee E/M Devi 
(Open Outputs) evices 
V¢ Standby Current CE=V,, C/| Devices 
V,» Current During Read | CE=OE=V,, Vp =Voo 
(Note 6) 


CMOS 


OH 
Ol 
IH 
IL 
ly 
LO 
cCc1 
loce 


Input HIGH Voltage 
Input LOW Voltage 
lho 
loce 


Input Load Current Vy =OVto+V,, C/l Devices 


IN ~ 
Output Leakage Current Vour = 9 Vto +V,, | C/I Devices 
Re V.¢ Active Current CE =V,,f=5 MHz | C/I Devices 

(Notes 5 & 9) lour = O MA 


(Open Outputs) 


V.. Standby Current CE=V,,+0.3V | C/I Devices 
E/M Devices 

V,. Current During Read | CE =V,. Vop = Voc 

(Note 6) 
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Supply Current in mA 


1 2 3 “ 5 6 7 8 9 10 
11507-002B 


Frequency in MHz 


Figure 1. Typical Supply Current vs. Frequency 
Veg = 5.0 V, T= 25°C 


CAPACITANCE (Notes 2, 3, and 7) 


Parameter Parameter Test 
Description Conditions 
San Output Capacitance 


Notes: 

. Vo_ Must be applied simultaneously or before V,,, and removed simultaneously or after V,,. 
. Typical values are for nominal supply voltages. 

. This parameter is only sampled, not 100% tested. 


. Caution: the Am27C4096 must not be removed from (or inserted into) a socket when V_or V,,, is applied. 

- log, iS tested with OE = V,, to simulate open outputs. 

. Maximum active power usage is the sum of |. and I,,. 

. T,= +25°C, f = 1 MHz. 

. Minimum DC Input Voltage is -0.5 V. During transitions, the inputs overshoot to -2.0 V for periods less than 20 ns. Maximum 
DC Voltage on output pins is V., +0.5 V, which may overshoot to V.. +2.0 V for periods less than 20 ns. 

9. For typical supply current values at various frequencies, refer to Figure 1. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified. 


(Notes 1, 3, and 4) 


(for APL Products, Group A, Subgroups 9, 10, and 11 are tested unless otherwise ee eereeererere 


Parameter 
Symbols 


Address to 
Output Delay 


Chip Enable to 
Output Delay 


Output Enable to 
Output Delay 


Chip Enable HIGH or 
Output Enable HIGH, 
whichever comes 

first, to Output Float 


Output Hold from 
Addresses, CE, or OE, 
whichever ocurred first 


Notes: 
1. V,, must be applied simultaneously or before V,, 


. This parameter is only sampled, not 100% tested. 


Be a= 
Conditions 95 
OE 


pS eemreaoene = | 


© 
© 


, and removed simultaneously or after V.,. 


2 
3. Caution: The Am27C4096 must not be removed from (or inserted into) a socket or board when V,, or V., is applied. 
4 


. Output Load: 1 TTL gate and C, = 100 pF 
Input Rise and Fall Times: 20 ns 
Input Pulse Levels: 0.45 to 2.4 V 
Timing Measurement Reference Level — Inputs: 


0.8 to 2.0 V 


Outputs: 0.8 to 2.0 V 


SWITCHING TEST CIRCUIT 


5V 


DIODES = IN3064 
OR EQUIVALENT 


Cy_ = 100 pF including jig capacitance. 
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SWITCHING TEST WAVEFORM — 


on 20V 20V 
> TEST POINTS 
eae 0.8V 0.8 V 
INPUT OUTPUT 


AC Testing: Inputs are driven at 2.4 V for a logic "1" and 0.45 V for a logic "0.” 
input pulse rise and fall times are < 20 ns. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 
Must be Will be 
Steady Steady 
May Will be 
Change Changing 
from H to L from H to L 
May Will be 
Change Changing 
from Lto H from L to H. 
Don’t Care, Changing, 
Any Change State 
Permitted Unknown 
Does Not Center 
Apply Line is High- 
Impedance 
OF vials. KS000010 
SWITCHING WAVEFORMS 
at 2.0 ee ae 
ADDRESSES By ADDRESSES VALID 
0.45 0.8 ie 
CE Se cee 
‘cE 
OE 
oe ‘DF 
'oE (NOTE 2) 
tacc 'OH 
(NOTE 1) 
HIGH-Z LT IIT; eS HIGH-Z 
OUTPUT HoH VALID OUTPUT 
Notes: 10205A-005A 


1. OE may be delayed up tot ace ~ tog after the falling edge of CE without impact on ae 
2. t, is specified from OE or CE, whichever occurs first. 
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Voc =6.25V 
Vpp = 12.75 
| x=0 | 

) 


INTERACTIVE 
SECTION ven 
No 
PASS 
LAST 
INCREMENT ADDRESS ADDRESS 
? 
YES 
Voc = Vpp= 5.25 V 

VERIFY 
SECTION 


Ste DEVICE FAILED 
PASS 
DEVICE PASSED 


Figure 2. Flashrite Programming Flow Chart 
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DC PROGRAMMING CHARACTERISTICS (T, = +25°C + 5°C) (Notes 1, 2, and 3) 


Output LOW Voltage During Verify 


ee 


Program & Verif 


Symbols 


CE Setup Time 


Data Valid from OE 


1. V., must be applied simultaneously or before V,,, and removed simultaneously or after V,,. 


2. When programming the Am27C4096, a 0.1-F capacitor is required across V,,, and ground to suppress spurious voltage 
transients that may damage the device. 


3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 


Am27C4096 2-241 


PRELIMINARY | | AMD &4 


FLASHRITE PROGRAMMING ALGORITHM WAVEFORM (Notes 1 and 2) 


‘ PROGRAM PROGRAM VERIFY —> 
IH 
vy, 
AS Hi-Z —_ tay 


Se ee =< 


V 
PP Vi 
Voc"! Vps—> 
V eres 
COtE Van 
¥y ese 
IH 


Notes: 14971-006B 
1. The input timing reference level is 0.8 V for a V,, and 2.0 V for a V... 
2. t,, and t,,, are characteristics of the device but must be accommodated by the programmer. 
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Am27C080 


8 Megabit (1,048,576 x 8-Bit) CMOS EPROM 


DISTINCTIVE CHARACTERISTICS 


m Fast access time 
— 120 ns 


m= Low power consumption 
— 25 uA typical CMOS standby current 


= JEDEC-approved pinout 
— plug in upgrade of 2 and 4 Megabit EPROMs 
— easy upgrade from 28-pin JEDEC EPROMs 


= Single + 5 V power supply 
= +10% power supply tolerance available 


GENERAL DESCRIPTION 


The Am27C080 is an 8 megabit ultraviolet erasable 
programmable read-only memory. It is organized as 
1,024K words by 8 bits per word, operates from a single 
+5 V supply, has astatic standby mode, and features fast 
single address location programming. Products are 
available in windowed ceramic DIP and LCC packages 
as well as plastic one time programmable (OTP) PDIP 
and PLCC packages. 


Typically, any byte can be accessed in less than 120 ns, 
allowing operation with high-performance microproces- 
sors without any WAIT states. The Am27C080 offers 
separate Output Enable (OE) and Chip Enable (CE) 


BLOCK DIAGRAM 
O— GND 
ee aeP 
eat OUTPUT ENABLE 
2 hee CHIP ENABLE 
CE/PGM AND 
PROG LOGIC 
Y 
DECODER 
Ag- Aig 
ADDRESS 
INPUTS 


—— 
X 
DECODER 
— 


Publication# 15453. Rev. A Amendment /0 
Issue Date: March 1991 


a. 


Advanced 
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Devices 


@ 100% Fiashrite™ programming 
— typical programming time of less than 5 minutes 


= Latch-up protected to 100 mA from —1 V to 
Vice + 1V 

= High noise immunity 

Compact 32-pin DIP, PDIP, LCC and PLCC 

packages 

= Versatile features for simple interfacing 


— both CMOS and TTL input/output compatibility 
— two line control functions 


controls, thus eliminating bus contention in a multiple 
bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power 
consumption is only 100 mW in active mode, and 100 
uW in standby mode. 


All signals are TTL levels, including programming sig- 
nals. Bit locations may be programmed singly, in blocks, 
or at random.The Am27C080 supports AMD's 
Flashrite™ programming algorithm (10 ps pulses) result- 
ing in typical programming times of less than 5 minutes. 


DATA OUTPUTS 
DQ, DQ, 


OUTPUT 
BUFFERS 
4 
GATING 


8,388,608-BIT 
CELL MATRIX 
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ADVANCE INFORMATION 


PRODUCT SELECTOR GUIDE 


Family Part No. 
| Ordering Part Number 
Ven + 5% 
Vog + 10% 


OE (G) Access Time (ns) 


CONNECTION DIAGRAMS 
Top View 


DIPs 
Aig Voc 
A16 Aig 
Ais Aq7 
Ai2 FoF 
Ay hex 
Ag Ag 
As Ag 
Ag As, 
Ag OE (GV pp 
*e A190 
Ay CE (E)/PGM (P) 
Ao Da; 
DQ DQ, 
BQ, Da, 
da, DQ, 
GND Da, 
15453-002A 
Notes: 


1. JEDEC nomenclature is in parentheses. 


2. The 32-Pin DIP to 32-Pin LCC configuration varies from the 
JEDEC 28-Pin DIP to 32-Pin LCC configuration. 


AMD cl 


OE (GV pp 
Aro 

CE (E)/PGM (P) 
Da, 


15453-003A 


* Also available in 32-pin rectangular plastic leaded chip carrier. 


LOGIC SYMBOL PIN DESCRIPTION 
A-A, = Address Inputs 
CE(B/PGM(P = Chip and Program Enable Input 
DQ,— DQ, = Data Inputs/Outputs 
P OE (G@) = Output Enable Input 
DQ. DQ > fa = V., Supply Voltage 
0 7 
oe Faas x Mae = Program Supply Voltage 
CE (E)/PGM (P) GND = Ground 
OE (G) 
15453-004A 
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Am27C800 


8 Megabit (1,048,576 x 8-bit/524,288 x 16-Bit) 


ROM Compatible CMOS EPROM 


DISTINCTIVE CHARACTERISTICS 
m Fast access time 

— 120 ns 
m Low power consumption 

— 25 pA typical CMOS standby current 
= Industry standard pinout 

— ROM compatible 

— 42-pin DIP/PDIP 

— 44-pin LCC/PLCC 
= Single +5 V power supply 


GENERAL DESCRIPTION 


The Am27C800 is an 8 megabit ultraviolet erasable 
programmable read-only memory that is functionally and 
pinout compatible with 8 megabit masked ROMs. Under 
control of the BYTE input, the memory can be configured 
as either a 1024K by 8 bit memory or a 512K by 16 bit 
memory. It operates from a single +5 V supply, has a 
static standby mode, and features fast single address 
location programming. Products are available in win- 
dowed ceramic DIP and LCC packages as well as plastic 
one time programmable (OTP) PDIP and PLCC 
packages. 


Typically, any word can be accessed in less than 120 ns, 
allowing operation with high-performance microproces- 


BLOCK DIAGRAM Yeo 
Oo— V 
OE 
OUTPUT ENABLE 
CEPGM CHIP ENABLE 
AND 
BYTE PROG LOGIC 
AB 
hed 
as A, 
ADDRESS 
INPUTS 


DECODER 
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mw +10% power supply tolerance standard on 
most speeds 


m” 100% Flashrite™ programming 
— typical programming time of 5 minutes 

mu Latch-up protected to 100 mA from —1 V to 
Voce + 1V 

@ High noise immunity 

# Versatile features for simple interfacing 
— both CMOS and TTL input/output compatibility 
— two line control functions 


sors without any WAIT states. The Am27C800 offers 
separate Output Enable (OE) and Chip Enable (CE) 
controls, thus eliminating bus contention in a multiple bus 
microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power 
consumption is only 125 mW in active mode, and 125 w.W 
in standby mode. 


All signals are TTL levels, including programming sig- 
nals. Bit locations may be programmed singly, in biocks, 
orat random. The Am27C800 supports AMD's Flashrite™ 
programming algorithm (10 us pulses) resulting in typical 
programming times of 5 minutes. — 


DATA OUTPUTS 
Pe rurettrararen 


OUTPUT 
BUFFERS 


8,388,608-BIT 
CELL MATRIX 
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PRODUCT SELECTOR GUIDE 
Family Part No. Am27C800 
Ordering Part Number — 


Veg + 5% 


CE (EB) Access Time (ns) 
OE (G) Access Time (ns) 


CONNECTION DIAGRAMS 
Top View 


Note: 


15452-002A 
1. JEDEC nomenclature is in parentheses. 
2. LCC and PLCC connection diagrams to be determined. 
LOGIC SYMBOL PIN DESCRIPTION 
AB = Address Input (BYTE mode) 
A,-A,, = Address Inputs 
CE (B/PGM (P) = Chip Enable and Program 
Enable Input 
DQ,-DQ,. = Data Inputs/Outputs 
CE (EyPGM P) OE (G) = Output Enable Input 
OE (G) Ve. = V,, Supply Voltage 
BYTE ae = Program Supply Voltage 
GND = Ground 
NC = No Internal Connection 
15452-005A BYTE = Byte/Word Switch _ 
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Section 3 
ExpressROM™ Memories 


An Introduction to ExpressROM Memories ............. 00... cece eee eee 3-3 
Am27X64 64K (8,192 x 8-Bit) ExpressROM Device ..................... 3-8 
Am27X128 128K (16,384 x 8-Bit) ExpressROM Device ................... 3-17 
Am27X256 256K (32,768 x 8-Bit) ExpressROM Device ................... 3-26 
Am27X512 512K (65,536 x 8-Bit) ExpressROM Device ................... 3-35 
Am27X010 _=1 Megabit (131,072 x 8-Bit) ExpressROM Device .............. 3-44 
Am27X100 = 1 Megabit (131,072 x 8-Bit) ROM Compatible 

PxreSer Cr et ors ee ra en oa ov CaN eee eS 3-53 
Am27X1024 1 Megabit (65,536 x 16-Bit) ExpressROM Device .............. 3-62 — 
Am27X020 2 Megabit (262,144 x 8-Bit) ExpressROM Device .............. 3-71 
Am27X2048 2 Megabit (131,072 x 16-Bit) ExpressROM Device ............. 3-80 
Am27X040 4 Megabit (524,288 x 8-Bit) ExpressROM Device .............. 3-89 
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Introduction to ExpressROM™ 
Memories 


ExpressROM Memories are an exciting new product family created by Advanced Micro 
Devices to offer the system manufacturer a cost savings over standard EPROMs while 
eliminating many of the disadvantages associated with traditional ROMs. These new 
memory products provide a lower cost altemative for volume production with stable 
codes. 


ExpressROM Devices are delivered pre-programmed in a low cost plastic package and 
are 100% compatible with the EPROMs they replace. They address two critical needs of 
system manufacturers which are vital in today’s marketplace: reduced cost and time-to- 
market. Typically ExpressROM Devices become cost-effective at volumes of 5000 units 
and offer leadtimes as short as 3-4 weeks. 


ExpressROM 
Device 


in-System Cost 


0 Quantity 12100-002A 


Pricing Relationships Between 
ExpressROM Device/EPROM/OTP 


An ExpressROM Device is manufactured with the same process as AMD’s standard U.V. 
EPROM equivalent, with the topside passivation layer for plastic encapsulation. Since a 
standard EPROM die is used, you are assured that the ExpressROM family is identical in 
architecture, density, and pinout to both AMD’s current and future generations of high 
performance CMOS EPROMs. 


ExpressROM wafers are inventoried untested and unprogrammed. Upon verification of 
your code, the wafers are sorted, packaged and tested. Every device is rigorously tested 
with your code under both AC and DC operating conditions prior to shipment. Also, be- 
cause ExpressROM Memories are shipped board-ready with factory guaranteed quality, 
your ship-to-stock or Just-In-Time programs can be easily implemented. At Advanced 
Micro Devices, we ship them the way you want them—ready for your system. And there 
are none of the delays, costs or risks normally associated with custom ROMs. 
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ExpressROM Memory 


Non-Volatile Memory Alternatives 


a =| 
: Manufacturers Manufacturers 

ttanoncumy | ef | | 

Fully Tested 

ees | ee eee |e | 

User Programming 

ae 
Sehr Cannot Fixed 4 Weeks | Fixed 12 Weeks 


Plastic packaging inherently provides a cost savings over standard EPROMs packaged in 
expensive windowed ceramic DIPs. Due to simplified test requirements, ExpressROM 
Devices can even cost less than unprogrammed OTP EPROMs. However, component 
price is only a small part of your true in-system cost. ExpressROM Devices allow you to 
eliminate or reduce costs in several other areas: programming, testing, labeling and pro- 
duction. Since ExpressROM Memories are delivered with your code, you will reap sav- 
ings by eliminating programming costs and associated yield losses. Incoming inspection 
may often be eliminated since your ExpressROM Devices have been thoroughly tested 
and are guaranteed to operate to full specifications with your code! Additional in-house 
cost savings can be attained by using automatic insertion equipment in lieu of manual 
placement into sockets. 


ExpressROM Devices were designed to provide a low cost alternative for EPROM users 
without the liabilities of other non-volatile memory alternatives. Although ROMs have a 
lower component cost, they are economically feasible only at high volume and have the 
risks of long leadtimes and limited manufacturing flexibility. While OTP EPROMs offer 
the systems manufacturer the ability to respond to varying codes during production, they 
force the user to incur additional and sometimes hidden costs. 


UV EPROM 


OTP 


ExpressROM 
Device 


Lowest ————————— > Highest 


w———————— = Highest 
Programming Flexibility 


12100-001A 
Non-Volatile Memory Alternatives 


Our mission at AMD is to deliver you the service and products you demand to build the 
cost competitive systems that are needed to win in your markets. The ExpressROM 
Memory provides this opportunity. As one of the world’s five largest IC manufacturers and 
the first to market with a 1 megabit EPROM, we appreciate the value of efficient manufac- 
turing. Compressing time-to-market cycles, improving yields and providing high levels of 
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ExpressROM Memory 


quality are invaluable strategies for today’s manufacturer. At Advanced Micro Devices we 
are proud to offer another tool to give our customers this strategic advantage, the 


ExpressROM Memory: the ROM without the wait! 
ORDERING ExpressROM DEVICES 


The following procedure outlines the method for ordering an ExpressROM Device. For 


more information, contact your local AMD sales representative. 


1) Send In The Code 


Please have your field sales representative provide you 
with the latest version of the ExpressROM Code Approval 
Form (see Figure 1). This form will provide all the neces- 
sary information required for processing your order. After 
receiving this form, fill out the Code Transmittal and Order- 
ing Information sections. Then send the form with two (2) 
master copies of each code being ordered to your field 
sales representative. To minimize the verification turn- 
around process, supply two master copies of each code 
using JEDEC standard dual-in-line (DIP) EPROMs identical 
in architecture and density as the ExpressROM Device be- 
ing ordered. Two master copies per code are required in 
order to guarantee proper code transmission. Please be 
sure the checksum is clearly identified on each master 
EPROM. 


2) AMD Checks The Code And Generates 
A Verification EPROM 


We check that both EPROMs contain the same code to 
make certain there was not a mix-up in shipping your 
codes to the factory as well as ensuring that the integrity of 
your code has been preserved. After confirming this, a 
unique 5-digit code designation is assigned. The ordering 
part number is formed by adding the 5-digit code 
designation as a suffix to the ExpressROM Device num- 
ber. See below: 


Am27X010—125PC 99999 


DEVICE CODE 
NUMBER _ « DESIGNATION 


AMD then logs in your code with the 5-digit code designa- 
tion and generates a verification EPROM in a standard 
dual-in-line (DIP) package. The verification EPROM along 
with one of your master EPROMs and the ExpressROM 
Code Approval. Form should be back in your hand for final 
approval within 2-3 days. The other master EPROM re- 
mains at AMD for our records. Please note: the verification 
EPROM is simply a means of transferring the code and is 
not necessarily indicative of the ExpressROM product be- 
ing ordered. 


3) Confirm The Copy And Place The Order 


Once the verification EPROM is approved, sign the Ap- 
proval Section of the ExpressROM Code Approval Form 
and return it to AMD with your purchase order. Upon re- 
ceipt of the signed form and a purchase order, AMD enters 
the order and begins production. Logged codes are main- 
tained for 60 days and then deleted if there is no purchase 
order placed. 


Customer 
Sends in the 
Code 


AMD Checks the 
Code and Generates 
a Verification 
EPROM 


Customer Confirms 
the Copy and 
Places the Order 


AMD 
Begins 
Production 
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TERMS AND CONDITIONS 
You should be aware of the following when ordering ExpressROM Devices. 


1) 
2) 
3) 
4) 


S) 
6) 


1) 


AMD will maintain customer code confidentiality. 
AMD will absorb all initial set-up costs. 
All orders are subject to minimum quantities. 


AMD may begin production 30 days in advance of the original schedule date covered 
by a purchase order and requires 30 days notification for code changes. The cus- 
tomer is liable for all work-in-process covered by the same purchase order. 


No schedule changes may be made within 30 days of current schedule date. 


The customer will accept quantities from 95% up to 105% of original ordering quantity 
per code and be billed accordingly. 


All unpackaged die product procured by the customer is for use exclusively in the 
customer's end products. Any other use of die product must be approved in writing by 
AMD. 
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ExpressROM™ Code Approval Form 


CODE TRANSMITTAL AND ORDERING INFORMATION SECTION | Rev.3 2/1/91 fie 


Please complete items 1 thru 10. To minimize the verification turn-around process, supply 2 master copies of 
each code using JEDEC standard dual-in-line (DIP) EPROMs of the same architecture and density as the 
ExpressROM™ Device being ordered. Also, be sure the checksum is clearly identified on each master EPROM. 
CODE TRANSMITTAL SECTION 

1. Company Name: 2. Date: 

3. Incoming Masters part #: 4. Masters Checksum: 

ORDERING INFORMATION SECTION 


Please check the appropriate ExpressROM™ Memory data sheet for valid combinations and mark appropriate 
boxes below: 


5. Parti: Am27X64 7. Package and Temperature: 
Am27X128 

Am27X256 QO +5% Q Plastic Dip 

Am27X512 O +10% Q PLCC 

Am27X010 QO Die 


Q Commercial (0°C to +70°C) 
Q) Industrial (-40°C to +85°C) 


OOOOOCOOOOCOCO 


27X400 
Am27X4096 
8. AMD Standard Part Number: 
9. Customer Ordering Part Number: 


10. Please select a, b or c for exact marking and complete the blank sections (12 characters per line including 
spaces, © = 2 spaces). 


a. AMD Standard: b. AMD Standard+Customer Part: c. Customer Part #: 


AMD Logo AMD Logo AMD Logo 
ExpressROM™ Logo ExpressROM™ Logo ExpressROM™ Logo 
AM27X AM27X 

Date Code © 


Date Code Date Code 


APPROVAL SECTION TERMS AND CONDITIONS 


AMD will maintain customer code confidentiality. 

AMD will absorb all initial set-up costs. 

AMD may begin production 30 days in advance of the eee schedule date covered by a purchase order and 
requires 30 days minimum notification for code changes. 

The customer is liable for all work-in-process covered by the same purchase order. 

No schedule changes may be made within 30 days of current schedule date. 

All unpackaged die product procurred by the customer is for use exclusively in the customer's end products. Any 


other use of die product must be approved in writing by AMD. 

All orders are subject to minimum quantities. 

The customer will accept quantities from 95% to 105% of original ordering quantitiy per code and be billed 
accordingly. 


AMD Standard Part # Am27X Checksum 
Customer Signature: Date: 
Name (Print): Title: 


Figure 1. Sample of the ExpressROM Code Approval Form 


Contact your local AMD sales representative for latest version 
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8,192 x 8-Bit CMOS ExpressROM™ Device 


Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


@ Asan OTP EPROM alternative: 
— Factory optimized programming 
— Fully tested and guaranteed 
— Lower cost 


@ Asa Mask ROM alternative: 
— Shorter leadtime 
— Lower volume per code 


m@ Compatible with JEDEC-approved EPROM 
pinout 


GENERAL DESCRIPTION 


The Am27X64 is a wafer-level programmed EPROM 
with a standard topside for plastic packaging. It is organ- 
ized as 8,192 by 8 bits and is available in plastic DIP as 
well as plastic leaded chip carrier (PLCC) packages. 
ExpressROM Devices provide a board-ready memory 
solution for medium to high volume codes with short 
leadtimes. This offers manufacturers a cost-effective 
and flexible alternative to OTP EPROMs and mask pro- 
grammed ROMs. 


@ High noise immunity 


@ High performance CMOS technology 
— Fast access time — 100 ns 
— Low power dissipation 
100 pA maximum standby current 


@ Available in plastic DIP, plastic leaded chip 
carrier (PLCC), and in DIE form 


— Latch-up protected to 100 mA from —1 V to 
Vec+1 V 


Access times as fast as 100 ns allow operation with 
high-performance microprocessors with reduced WAIT 
states. The Am27X64 offers separate Output Enable 
(OE) and Chip Enable (CE) controls, thus eliminating 
bus contention in a multiple bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 250 pW in 
standby mode. 


BLOCK DIAGRAM 
DATA OUTPUTS 
DQ.-DQ, 
Os Vir 7: oN 
OUTPUT ENABLE 

CHIP ENABLE OUTPUT 

BUFFERS 

y Y-GATING 

DECODER 
rene 
ADDRESS 
INPUTS 65,536-BIT 


X 
DECODER 


CELL MATRIX 
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Issue Date: March 1991 


AMD al 
PRODUCT SELECTOR GUIDE 


Family Part No. | 7 Am27X64 


Ordering part No: 
+5% VCC Tolerance 


+10% VCC Tolerance 


[Max AccessTime(ns) | 100] 120 | 50 | 200] 250 
[CE (E)Access(ns) | 100] 120] t50 | 200] 250 
CeGi neces) | | 


CONNECTION DIAGRAMS 
Top View 


PLASTIC DIP PLCC 


PGM (P) 


<n”: 
m- oO 
PEP rrPrrPrPp 

rp 

Pl 

. 

oI 


DQ, D 


DQ, 
12081B-002 12084-009A 


Note: JEDEC nomencliature is in parentheses. 


LOGIC SYMBOL PIN DESCRIPTION 
Ao — A12 = Address Inputs 
CE(B) = Chip Enable Input 
DQo- DQ; = Data Outputs 
OE (G) = Output Enable Input 
Vpp = Vcc Supply Voltage 
Vcc = Vcc Supply Voltage 
PGM (P) = = Enable Input 
GND = Ground 
NC = No Internal Connection 


No External Connection 
(Do Not Use) 


oO 
_ 20 
i 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: 

a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Code Designation 


AM27X64 -105 P Cc 99999 


jj cece e. CODE DESIGNATION 


Assigned by AMD 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (40 to +85°C) 


c. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 
J = 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 
X = Die 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27X64 
8K x 8-Bit CMOS ExpressROM Device 


Valid Combinations Valid Combinations 


Valid Combinations list configurations planned to 
AM27X64-105 be supported in volume for this device. Consult 
AM27X64-120 the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


AM27X64-125 PC, JC, XC, 
AM27X64-150 PI, Ji 
AM27X64-200 

AM27X64-250 
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FUNCTIONAL DESCRIPTION 
Read Mode 


The Am27X64 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (tce). 
Data is available at the outputs toe after the falling edge 
of OE, assuming that CE has been LOW and addresses 
have been stable for at least tacc — toe. 


Standby Mode 


The Am27X64 has a CMOS standby mode which 
reduces the maximum Vcc currentto 100 pA. It is placed 
in CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27X64 also has a TTL-standby mode which reduces 
the maximum Vcc current to 1.0 mA. It is placed in TTL- 
standby when CE is at Vin. When in standby mode, the 
outputs are in a high-impedance state, independent of 
the OE input. 


Output OR-Tieing 


To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 


are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1 uF ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on 
ExpressROM Device arrays, a 4.7 iF bulk electrolytic 
capacitor should be used between Vcc and GND for 
each eight devices. The location of the capacitor should 
be close to where the power supply is connected to the 
array. 


Mode Select Table 


Mode eg ee 


Read 


Output 
Disable 


Standby 
(TTL) 


Standby 
(CMOS) 


Note: X can be either Vit or ViH 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65 to +125°C 
Ambient Temperature 

with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 

All pins except Vcc —0.6 to Vec + 0.6 V 


Vec —0.6 to +7.0 V 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


Note: 
During transitions, the input may overshoot GND to -2.0 V for 
periods of up to 20 ns. Maximum DC voltage on input and out- 


put may overshoot to Vcc +2.0 V for periods of up to 20 ns. 


OPERATING RANGES 


- Commercial (C) Devices 
Case Temperature (Tc) 0 to +70°C 
industrial (1) Devices 
Case Temperature (Tc) ~ —40 to +85°C 
Supply Read Voltages: 
Vcc for Am27X64—XX5 +4.75 to +5.25 V 
Vcc for Am27X64—XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating range unless otherwise specified 
(Notes 1, 4, 5 & 8) 


a 
Symbol “Qesevoiien Test Conditions 
vor | Ouparicnvonage | tw=-at0ua sd ae [dV 
|Vo_| Outputtowvottage | ta-2tma | || 
[vn | mpuricvorage | SSC*dC RO (ees |v 
Me | input LowNotage cys of es fo OB | eT 
Tt | tpttoascuret | vw oviowes | | 40 wa 
pee 


Output Leakage Current Vout = 0 V to +Vcc a ee 


Vcc Active Current (Note 5) | CE=Vu, 
f = 5 MHz, 
lour =O mA 
a Outputs) 


|_toce | VooStandby Curent | CEeve | tml 
|_tep | Veo Supply Gurrent (Note 6) | GE=OE=Vu,Ver=Voo | | 100 | wa 


— ee 
vor | Ouparnanvenge | wa-a0ua——=«dt ea [dV 
Pa omits matte fT ee 
ag Oo “Sa ee a 
wie 
Pt mbomines Pia 
ie omtutnecun | varsovwaves [Ts La 


loc Vcc Active Current (Note 5) | CE= Vu, 
f = 5 MHz, 
lout = 0 mA 
(Open Outputs) 


Voe Standby Current CE = Voo+0.3V Panis mek eS 
Pelee 20 Vcc Supply Current (Note 6) | CE =OE= Vir, Vep = Vcc Picante 1400-7 fae 
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CAPACITANCE (Notes 2, 3 & 7) 


Ls 
Symbol Description Test Conditions Typ. 

| Cw: _| Address input Capacitance | Vw-0V | 8 | 12 pF 
| Cre | GEinputCapaciance | Wweov | | te | 
| cws | CEinputCapacitance | vw-ov i] S| 1 pr 
| Cor | Outputcapactance | Var=ov | | 12 | pe 


Notes: 

Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

Typical values are for nominal supply voltages. 

This parameter is only sampled and not 100% tested. 

Caution: The Am27X64 must not be removed from, or inserted into, a socket or board when Vcc is applied. 


Icc1 is tested with OE = Vin to simulate open outputs. 


Maximum active power usage is the sum of Icc and Ipp. 

TA = 25°C, f = 1 MHz. 

During transitions, the input may overshoot GND to —2.0 V for periods of up to 20 ns. 

Maximum DC voltage on input and output may overshoot to Vcc + 2.0 V for periods of up to 20 ns. 


as Re II a RE aN Rc 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1,3 & 4) 


cA 1 

| JEDEC]} Standard | Description Conditions 

tavav tacc Address to CE = OE=Vi re a ee ee 
Output Delay Max. | 700_| 720 | 750 | 200 | 250_ 


me | [eteaongy” [OY se ortrar Psepar Pa] 
Output Delay 100 | 120 | 150 | 200 | 250 | 


tavav Output Enableto | CE=V a ho 
Output Delay Max.[ 40 | 80 | 65 | 7 | 100_ 


Chip Enable HIGH 
or Output Enable 


HIGH, whichever 
comes first, to Out- 
put Float 


Output Hold 
from Addresses, 
CE, or OE, 
whichever 
occurred first 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
. This parameter is only sampled and not 100% tested. 


2 
3. Caution: The Am27X64 must not be removed from, or inserted into, a socket or board when Vcc is applied. 
4 


. Output Load: 1 TTL gate and Ci = 100 pF 
Input Rise and Fall Times: 20 ns 
Input Pulse Levels: 0.45 to 2.4 V 
Timing Measurement Reference Level — Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 
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SWITCHING TEST CIRCUIT 


2.7 kQ 


DEVICE 
UNDER 
TEST 


DIODES = IN3064 
OR EQUIVALENT 


10205-004A 
Ci = 100 pF including jig capacitance 
SWITCHING TEST WAVEFORM 

2.4V 

2.0V 2.0 

» TEST POINTS 

0.8 V 0.8 V 
0.45 V 
INPUT OUTPUT 
10205-009A 


AC Testing: Inputs are driven at 2.4 V for a Logic “1” and 0.45 V for a Logic “0”. Input pulse rise and fall times are < 20ns. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


SWITCHING WAVEFORMS 


2.4 


ADDRESSES i 
0.45 


2.0 
0.8 


HI-Z 
OUTPUT 


Note: 


INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


ADDRESSES 
VALID 


tCE 


tOE 


dee 1) 
LELLL LT 
VANAAAS 


AMD L\ 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


KS000010 


{DF 
(Note 2) 
tOH 


VALID 
OUTPUT 


10205-005A 


1. OE may be delayed up .to tacc-toe after the falling edge of CE without impact on tacc. 
2. toF is specified from OE or CE, whichever occurs first. 
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Am27X128 


16,384 x 8-Bit CMOS ExpressROM™ Device 


DISTINCTIVE CHARACTERISTICS 


@ Asan OTP EPROM alternative: 
— Factory optimized programming 
— Fully tested and guaranteed 
— Lower cost 


@ Asa Mask ROM alternative: 
— Shorter leadtime 
— Lower volume per code 


m= Compatible with JEDEC-approved EPROM 
pinout 


GENERAL DESCRIPTION 


The Am27X128 is a wafer-level programmed EPROM 
with a standard topside for plastic packaging. It is organ- 
ized as 16,384 by 8 bits and is available in plastic DIP as 
well as plastic leaded chip carrier (PLCC) packages. 
ExpressROM Devices provide a board-ready memory 
solution for medium to high volume codes with short 
leadtimes. This offers manufacturers a cost-effective 
and flexible alternative to OTP EPROMs and mask pro- 
grammed ROMs. 


Advanced 
Micro 
Devices 


@ High noise immunity 


@ High performance CMOS technology 
— Fast access time — 100 ns 
— Low power dissipation 
100 nA maximum standby current 


@ Available in plastic DIP, plastic leaded chip 
carrier (PLCC), and in DIE form 


@ Latch-up protected to 100 mA from —1 V to 
Vec+1V 


Access times as fast as 100 ns allow operation with 
high-performance microprocessors with reduced WAIT 
states. The Am27X128 offers separate Output Enable 
(OE) and Chip Enable (CE) controls, thus eliminating 
bus contention in a multiple bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 250 pW in 
standby mode. 


BLOCK DIAGRAM 
DATA OUTPUTS 
DQe-DQ, 
Oo Noo ee een 
OUTPUT ENABLE 
CHIP ENABLE OUTPUT 
BUFFERS 
Y Y-GATING 
DECODER 
hohe 
ADDRESS 
INPUTS 131,072-BIT 


Publication # 12083 Rev. C 
Issue Date: March 1991 


Amendment/O0 


X 
DECODER 


CELL MATRIX 


12081B-001 
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PRODUCT SELECTOR GUIDE 


+5% VCC Tolerance 

+10% VOC Tolerance bees... | ee oe ee ee 
[Max AccessTime(ns) | = 100] 120 | 150 | S00] 280 
CE(E Access (ne) ev enetooe | 120 | BO hc sang 250 | 
CEG) Accessing) | wT | S| |S 


CONNECTION DIAGRAMS 
Top View 


PLASTIC DIP 


Ac 
As 
ae) As 
OE (G) % 
Ae 251} OE (G) 
Ai 
DQy. NC 221] DQ, 
DQo 211 | DQ. 
DQs 
DQs 
DQ4 
DQ3 
Note: JEDEC nomenclature is in parentheses. 
LOGIC SYMBOL PIN DESCRIPTION 
Ao — A13 = Address Inputs 
CE (EB) = Chip Enable Input 
DQo - DQ7 = Data Inputs/Outputs 
OE (G) = Output Enable Input 
Vpp = Vcc Supply Voltage 
Vcc = Vcc Supply Voltage 
PGM (P) = = Enable Input 
GND = Ground 
NC = No Internal Connection 
DU = No External Connection 


(Do Not Use) 


12081B-004 
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ORDERING INFORMATION 


Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: 


AM27X128 ~— -105 


P Cc 


a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 
e. Code Designation 


sg each e. CODE DESIGNATION 


Assigned by AMD 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 


c. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 
J = 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 
X = Die 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27X128 
8K x 8-Bit CMOS ExpressROM Device 


Valid Combinations Valid Combinations 


AM27X128-105 
AM27X128-120 
AM27X128-125 
AM27X128-150 
AM27X128-200 
AM27X128-250 


PC, JC, XC, 
PI, Ji 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


Am27X128 
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FUNCTIONAL DESCRIPTION 
Read Mode 
The Am27X128 has two control functions, both of which 


must be logically satisfied in order to obtain data at the 


outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (tce). 
Data is available at the outputs toe after the falling edge 
of OE, assuming that CE has been LOW and addresses 
have been stable for at least tacc — toe. 


Standby Mode 


The Am27X128 has a CMOS standby mode which re- 
duces the maximum Vcc current to 100 pA. It is placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27X128 also has a TTL-standby mode which re- 
duces the maximum Vcc current to 1.0 mA. It is placed in 
TTL-standby when CE is at Vin. When in standby mode, 
the outputs are in a high-impedance state, independent 
of the OE input. 


Output OR-Tieing 


To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 


are only active when data is desired from a particular 
memory device. : 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1 uF ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on 
ExpressROM Device arrays, a 4.7 uF bulk electrolytic 
capacitor should be used between Vcc and GND for 
each eight devices. The location of the capacitor should 
be close to where the power supply is connected to the 
array. 


Mode Select Table 


Mode a 


Read 


Output 
Disable 


Standby 
(TTL) 


Standby 
(CMOS) 


Note: X can be either Vit or ViH 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65 to +125°C 
Ambient Temperature 

with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 

All pins except Vcc —0.6 to Vcc +0.6V 

Vec —0.6 to +7.0 V 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


Note: 
During transitions, the input may overshoot GND to -2.0 V for 
periods of up to 20 ns. Maximum DC voltage on input and out- 


put may overshoot to Vcc +2.0 V for periods of up to 20 ns. 


OPERATING RANGES 
Commercial (C) Devices 
Case Temperature (Tc) 0 to +70°C 
industrial (I) Devices 
Case Temperature (Tc) —40 to +85°C 
Supply Read Voltages: 
Vec for Am27X128—XX5 +4.75 to +5.25 V 
Vec for Am27X128—XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating range unless otherwise specified 
(Notes 1, 4, 5 & 8) 


Parameter Parameter 
Symbol Description Test Conditions 


TTL and NMOS 


[von | oupaticnivonse | wr=-atoyaS*d es 
oo ieee [eee rs 
a co cae ee Bee a 
era (Co ES Be a 
P| wpattontcomn | we-ovincee |, 40 | aa 
a 


CE = Vi, 

f = 5 MHz, 
lout =O mA 
(Open Outputs) 


ee a 
va | cuputowvorage | a=aamait 
Oe) 
a 
SC 


Vcc Active Current (Note 5) | CE= mA 
f = 5 MHz, 
lout =O mA 
(Open Outputs) 


a ee 


2 
© 
© 
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CAPACITANCE (Notes 2, 3 & 7) 


Parameter Parameter 
— grace Test Conditions 
ae es Address Input | Address Input Capacitance _ a | eee ee 0V x"; ReRReeeEN Ga BA ea SS 
OE inputCapacitance | Vw-ov | 1 | 


| cre | CEinputcapacitance | vuzov | | te | 
| con | OurputCapactance | vor=ov | 82 | pr 


Notes: 

Vec must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

Typical values are for nominal supply voltages. 

This parameter is only sampled and not 100% tested. 

Caution: The Am27X128 must not be removed from, or inserted into, a socket or board when Vcc is applied. 


Icc1 is tested with OE = Vin to simulate open outputs. 


Maximum active power usage is the sum of Icc and Ipp. 

TA = 25°C, f = 1 MHz. 

During transitions, the input may overshoot GND to —2.0 V for periods of up to 20 ns. 

Maximum DC voltage on input and output may overshoot to Vcc + 2.0 V for periods of up to 20 ns. 


MP Pet 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 3 & 4) 


Parameter Symbol Parameter Test 

| JEDEC | Standard | Description Conditions 

tavav Address to CE =OE=Vu 
Output Delay 

teLav Chip Enable to OE = Vit 
Output Delay 

tcLav Output Enableto | CE=Vu 
Output Delay 


Chip Enable HIGH 
or Output Enable 
HIGH, whichever 
comes first, to Out- 


Output Hold 
from Addresses, 
CE, or OE, 
whichever 
occurred first 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
2. This parameter is only sampled and not 100% tested. 
3. Caution: The Am27X128 must not be removed from, or inserted into, a socket or board when Vcc is applied. 
4. Output Load: 1 TTL gate and CL = 100 pF 
Input Rise and Fall Times: 20 ns 
Input Pulse Levels: 0.45 to 2.4 V 


Timing Measurement Reference Level — Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 
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SWITCHING TEST CIRCUIT 


DEVICE 
UNDER 0 +5V 
TEST 


DIODES = IN3064 
OR EQUIVALENT 


10205-004A 
Ci = 100 pF including jig capacitance 
SWITCHING TEST WAVEFORM 
2.4V 
2.0 V 2.0 V 
» TEST POINTS < 
0.8 V 0.8 V 
0.45 V 
INPUT OUTPUT 
10205-009A 


AC Testing: Inputs are driven at 2.4 V for a Logic “1” and 0.45 V for a Logic “0”. Input pulse rise and fall times are < 20ns. 


nnn nnn nnn nnnnnrncnnnnnnmrnees reenact SSS SS SS SSS 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


KS0000 10 


SWITCHING WAVEFORMS 


2.4 
2.0 


- ADDRESSES ( 
0.45 0.8 


HI-Z 
OUTPUT 


Note: 


ADDRESSES 
VALID 


tce 


tOE 


tacc 
(Note 1) 


Lif f/ 
VAAN 


tDF 
(Note 2) 


tOH 


. VALID 
OUTPUT 


10205-005A 


1. OE may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 
2. toF is specified from OE or CE, whichever occurs first. 
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Am27X256 


32,768 x 8-Bit CMOS ExpressROM™ Device 


DISTINCTIVE CHARACTERISTICS 


@ Asan OTP EPROM alternative: 
— Factory optimized programming 
— Fully tested and guaranteed 
— Lower cost 


@ Asa Mask ROM alternative: 
— Shorter leadtime 
— Lower volume per code 


= Compatible with JEDEC-approved EPROM 
pinout 


GENERAL DESCRIPTION 


The Am27X256 is a wafer-level programmed EPROM 
with a standard topside for plastic packaging. It is organ- 
ized as 32,768 by 8 bits and is available in plastic DIP as 
well as plastic leaded chip carrier (PLCC) packages. 
ExpressROM Devices provide a board-ready memory 
solution for medium to high volume codes with short 
leadtimes. This offers manufacturers a cost-effective 
and flexible alternative to OTP EPROMs and mask pro- 
grammed ROMs. 


Advanced 
Micro 
Devices 


@ High noise immunity 


@ High performance CMOS technology 
— Fast access time — 100 ns 
— Low power dissipation 
100 A maximum standby current 


@ Available in plastic DIP and plastic leaded chip 
carrier (PLCC), and in DIE form 


@ Latch-up protected to 100 mA from —1 V to 
Vec +1 V 


Access times as fast as 100 ns allow operation with 
high-performance microprocessors with reduced WAIT 
states. The Am27X256 offers separate Output Enable 
(OE) and Chip Enable (CE) controls, thus eliminating 
bus contention in a multiple bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 250 pW in 
standby mode. 


BLOCK DIAGRAM 
DATA OUTPUTS 
DQ.-DQ, 
Om View , ie 
Oo—Sr>_—«s GND 
oe Mee 
OE 
OUTPUT ENABLE 
CHIP ENABLE OUTPUT 
- BUFFERS 
Y Y-GATING 
DECODER 
Mor § 
ADDRESS 
INPUTS 
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262,144-BIT 
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PRODUCT SELECTOR GUIDE 


Family Part No. Am27X256 


Ordering part No: 
+5% VCC Tolerance 


+10% VCC Tolerance 


Tax access Tine ns) | 100 | 120 [150 | 200 | 280 
TEE (E Access ire) | wo [120 | 160 | 200 | 50 
[CEG Accessirsy —SSCSC~sSCt YY YO 


CONNECTION DIAGRAMS 
Top View 


PLASTIC DIP PLCC 


As 

As 

As 

As 

Az 251] OE (G) 

Ay 

Ao 231} CE (E) 

NC 

DQo 
12081B-002 12082-009A 
Note: JEDEC nomenclature is in parentheses. 
LOGIC SYMBOL PIN DESCRIPTION 

Ao — A14 = Address Inputs 
CE (EB) = Chip Enable Input 
DQo-DQ7 = Data Outputs 
OE (G) = Output Enable Input 
Vcc = Vcc Supply Voltage 
Vpp = Vcc Supply Voltage 
GND = Ground 
NC = No Internal Connection 


No External Connection 
(Do Not Use) 


DU 


12081B-004 


Am27X256 3-27 


AMD al 


ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: 

a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Code Designation 


AM27X256 = -105 ee 
e. CODE DESIGNATION 
Assigned by AMD 
d. TEMPERATURE RANGE 
- = Commercial (0 to +70°C) 
= Industrial (-40 to +85°C) 
c. PACKAGE TYPE 
: = 28-Pin Plastic DIP (PD 028) 
= 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 
X = Die 
b. SPEED OPTION 


See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27X256 
32K x 8-Bit CMOS ExpressROM Device 


Valid Combinations 


AM27X256-105 
AM27X256-120 
AM27X256-125 
AM27X256-150 
AM27X256-200 
AM27X256-250 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


PC, JC, XC, 
Pl, Jl 
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FUNCTIONAL DESCRIPTION 
Read Mode 


The Am27X256 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (ce). 
Data is available at the outputs toe after the falling edge 
of OE, assuming that CE has been LOW and addresses 
have been stable for at least tacc — toe. 


Standby Mode 


The Am27X256 has a CMOS standby mode which re- 
duces the maximum Vcc currentto 100 pA. It is placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27X256 also has a TTL-standby mode which re- 
duces the maximum Vcc current to 1.0 mA. It is placed in 
TTL-standby when CE is at Vin. When in standby mode, 
the outputs are in a high-impedance state, independent 
of the OE input. 


Output OR-Tieing 


To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 


are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1 uF ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on 
ExpressROM Device arrays, a 4.7 uF bulk electrolytic 
capacitor should be used between Vcc and GND for 
each eight devices. The location of the capacitor should 
be close to where the power supply is connected to the 
array. 


Mode Select Table 


ViL ViL X DouT 


Read 


Output VIL 
Disable 


Standby | VIH 
(TTL) 


Standby 
(CMOS) 


Vec + 0.3 V 


Note: X can be either Vit or ViH 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65 to +125°C 
Ambient Temperature 

with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 

All pins except Vcc —0.6 to Vcc +0.6V 

Vcc —0.6 to +7.0 V 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


Note: 


During transitions, the input may overshoot GND to —2.0 V for 
periods of up to 20 ns. Maximum DC voltage on input and out- 


put may overshoot to Vcc +2.0 V for periods of up to 20 ns. 


OPERATING RANGES 
Commercial (C) Devices 
Case Temperature (Tc) 0 to +70°C 
industrial (1) Devices 
Case Temperature (Tc) —40 to +85°C 
Supply Read Voltages: 
Vec for Am27X256—-XX5 +4.75 to +5.25 V 
Vec for Am27X256-XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating range unless otherwise specified 
(Notes 1, 4, 5 & 8) 


"Syma | seczton | Testconanons | mim | ma | unt 
Symbol Description Test Conditions 
[vor | Ouputricnvotage _[t=-a00k «dae 
| Va | Outputtowvotage | la=2tma | || 
Tv | mputnaH vonage | SSSSC*d?SCRO id Wow | 
Me | NRO te a 
Tu | rputtoaacuren | vw=oviowes | | 10 *[ wa 
[te | owpavenoscunee | vorsoveaes [Te Tan) 


Vcc Active Current (Note 5) | CE=Vu, 
f = 5 MHz, 
lour =O mA 
(Open Outputs) 


|_toce | VocStandby Current | CE=ve ||| ma 
|_lee | Voc Supply Current (Note 6) | GE=OE=Vu. Ver =Vec | | 100 uA 


ee ee 
vor | Oupaincnverge | tin-woomn Sid ws dV 
ROM a SR 
Pa (umes ecanl wane 
aa So Ke eR GTi eT 
TT an ios a 
Pol oumcen ieee te 


Ices Vcc Active Current (Note 5) | CE= Vu, mA 
f = 5 MHz, 
lour = 0 mA 
(Open Outputs) 


| tcce | Voc Stancby Curent | TE=veczosv | | 100 |p 
__tee | Voc Supply Current (Note 6) | CE=OE=Vu,Ver=Vec | | 100 | wa 
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CAPACITANCE (Notes 2, 3 & 7) 


Parameter Parameter 

Symbol Description Test Conditions Typ. 
Address Input Capacitance | Vw=0V | 8 | 12 | pe 
OE Input Capacitance | Vw-0V  ———sd|—sof8_ | t2_| pr | 


CE input Capacitance | vweov | || 
| cou | Outpurcapaciance | vor-ov ||| 


Notes: 
Vee must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 


Typical values are for nominal supply voltages. 
This parameter is only sampled and not 100% tested. 
Caution: The Am27X256 must not be removed from, or inserted into, a socket or board when Vcc is applied. 


icc: is tested with OE = Vin to simulate open outputs. 


Maximum active power usage is the sum of Icc and Ipp. 

TA = 25°C, f = 1 MHz. 

During transitions, the input may overshoot GND to —2.0 V for periods of up to 20 ns. 

Maximum DC voltage on input and output may overshoot to Vcc + 2.0 V for periods of up to 20 ns. 


a ee eee eee 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 3 & 4) 


SEDEC|Sanded| Dewtnton | condos | |-1os | 30 | co | 200 | 250 | vow 
| JEDEC| Standard | Description Conditions 
tvev | tcc | Address to SELTE-Me Lin) | ee 
Output Delay Max. 100-| 120] 10 | 200 | 250 
See Md Pe 
Output Delay | Max. | 100 | 120 | 150 | 200 | 250 | 
tGLav Output Enable to | CE= Vit Min. PRs 2 52 seed te sal 
Output Delay Max [40 | 50 | 65 | 7 | 100 


Chip Enable HIGH 
or Output Enable 
HIGH, whichever 
comes first, to Out- 
put Float 

taxax a Output Hold 


from Addresses, 
CE, or OE, 

1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

. This parameter is only sampled and not 100% tested. 


whichever 
2 
3. Caution: The Am27X256 must not be removed from, or inserted into, a socket or board when Vcc is applied. 
4 


occurred first 
. Output Load: 1 TTL gate and Ci = 100 pF 
Input Rise and Fall Times: 20 ns 
Input Pulse Levels: 0.45 to 2.4 V 
Timing Measurement Reference Level — Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 
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SWITCHING TEST CIRCUIT 


2.7 kQ- 
DEVICE 
UNDER 
TEST 


DIODES = IN3064 
OR EQUIVALENT 


10205-004A 
CL = 100 pF including jig capacitance 
SWITCHING TEST WAVEFORM 
2.4V 
2.0V 2.0 V 
> TEST POINTS < 
0.8 V 0.8 V 
0.45 V 
INPUT OUTPUT 
10205-009A 


AC Testing: Inputs are driven at 2.4 V for a Logic “1” and 0.45 V for a Logic “0”. Input pulse rise and fall times are < 20ns. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


SWITCHING WAVEFORMS 


2.4 
2.0 


ADDRESSES i 
0.45 0.8 


HI-Z 
OUTPUT 


Note: 


INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 


Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


ADDRESSES 
VALID 


{CE 


tOE 


tacc 
(Note 1) 


ELL I L/ 
\AAAAAS 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
impedance 
“Off” State 


KS000010 


tDF 
(Note 2) 


tOH 


VALID 
OUTPUT 


10205-005A 


1. OE may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 
2. toF is specified from OE or CE, whichever occurs first. 
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Am27X512 


65,536 x 8-Bit CMOS ExpressROM ™ Device 


DISTINCTIVE CHARACTERISTICS 


@ Asan OTP EPROM alternative: 
— Factory optimized programming 
— Fully tested and guaranteed 
— Lower cost 


@ Asa Mask ROM alternative: 
— Shorter leadtime 
— Lower volume per code 


= Compatible with JEDEC-approved EPROM 
pinout 


GENERAL DESCRIPTION 


The Am27X512 is a wafer-level programmed EPROM 
with a standard topside for plastic packaging. It is organ- 
ized as 65,536 by 8 bits and is available in plastic DIP as 
well as plastic leaded chip carrier (PLCC) packages. 
ExpressROM Devices provide a board-ready memory 
solution for medium to high volume codes with short 
leadtimes. This offers manufacturers a cost-effective 
and flexible alternative to OTP EPROMs and mask pro- 
grammed ROMs. 


Advanced 
Micro 
Devices 


@ High noise immunity 
@ High performance CMOS technology 
— Fast access time — 120 ns 
— Low power dissipation 
100 pA maximum standby current 
@ Available in plastic DIP and plastic leaded chip 
carrier (PLCC), and in DIE form 


@ Latch-up protected to 100 mA from —1 V to 
Vec+1V 


Access times as fast as 120 ns allow operation with 
high-performance microprocessors with reduced WAIT 
states. The Am27X512 offers separate Output Enable 
(OE) and Chip Enable (CE) controls, thus eliminating 
bus contention in a multiple bus microprocessor system. 
AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 250 pW in 
standby mode. 


DATA OUTPUTS 
DQ.-DQ; 


ee pen aeng 


OUTPUT 
BUFFERS 


Y-GATING 


BLOCK DIAGRAM 
Oo =SOVec 
OUTPUT ENABLE 
CHIP ENABLE 
Y 
DECODER ead 
Ao — Ais 
ADDRESS 
INPUTS 


X 
DECODER 


Publication # 12081 Rev. C 
Issue Date: March 1991 


Amendmenv/0 


524,288-BIT 
CELL MATRIX 


12081B-001 
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PRODUCT SELECTOR GUIDE 


Family Part No. 


Ordering part No: 
+5% VCC Tolerance 


+10% VCC Tolerance 


tax hac Tr ae es Se 
ee oe ae, 
OE (G) Access (rs 8 | 8 (pone 


CONNECTION DIAGRAMS 
Top View 


PLASTIC DIP PLCC 


SP PrrrPrr?, 


DQo 


12081 B-002 11557-003A 
Note: JEDEC nomenciature is in parentheses. 


PIN DESCRIPTION 

Ao — Ais = Address Inputs 

CE (EB) = Chip Enable Input 
DQo-DQ7 = Data Outputs 

OE (G) = Output Enable Input 
Vcc = Vcc Supply Voltage 
GND = Ground 

NC = No Internal Connection 


DU No External Connection 


(Do Not Use) 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: 

a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Code Designation 


AM27X512 = -125 P Cc 99999 


5 ae e. CODE DESIGNATION 


Assigned by AMD 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (40 to +85°C) 


c. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 
J = 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 
X = Die 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27X512 
64K x 8-Bit CMOS ExpressROM Device 


Valid Combinations 


AM27X512-125 
AM27X512-150 
AM27X512-155 
AM27X512-200 
AM27X512-250 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


PC, JC, XC, 
PI, Ji 
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FUNCTIONAL DESCRIPTION 
Read Mode 


The Am27X512 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and should be used to gate 
data to the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (tce). 
Data is available at the outputs toe after the falling edge 
of OE, assuming that CE has been LOW and ad- 
dresses have been stable for at least tacc — toe. 


Standby Mode 


The Am27X512 has a CMOS standby mode which re- 
duces the maximum Vcc current to 100 LA. It is placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27X512 also has a TTL-standby mode which re- 
duces the maximum Vcc current to 1.0 mA. It is placed in 
TTL-standby when CE is at Vin. When in standby mode, 
the outputs are in a high-impedance state, independent 
of the OE input. 


Output OR-Tieing 


To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1.Low memory power dissipation, and 
2.Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 


This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 
are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1 .F ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on Ex- 
pressROM Device arrays, a 4.7 uF bulk electrolytic ca- 
pacitor should be used between Vcc and GND for each 
eight devices. The location of the capacitor should be 
close to where the power supply is connected to the ar- 
ray. 


Mode Select Table 


Read 


Output Disable 
Standby (TTL) 


Standby (CMOS) | Vcc +0.3V 


Note: X can be either Vit or ViH 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65 to +125°C 
Ambient Temperature 

with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 

All pins except Vcc 0.6 to Vcc + 0.6 V 


Vcc —0.6 to +7.0 V 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


Note: 


During transitions, the input may overshoot GND to —2.0 V for 
periods of up to 20 ns. Maximum DC voltage on input and out- 


put may overshoot to Vcc +2.0 V for periods of up to 20 ns. 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) 0 to +70°C 
industrial (i) Devices 

Case Temperature (Tc) —40 to +85°C 
Supply Read Voltages: 

Vec for Am27X512—XX5 +4.75 to +5.25 V 

Vcc for Am27X512-XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating range unless otherwise specified 
(Notes 3, 4 & 6) 


Parameter Parameter 
Symbol Description Test Conditions 


TTL and NMOS 


a a ee 
8 oo ae ee Se ee 
ai el ee ee 
ae ae A a 


lect Vcc Active Current (Note 4) CE = Vu, 
f = 10 MHz, 
lout = 0 mA 
(Open Outputs) 


Voo Standby Current CE = Vi, OE = Vi eee as 


Output HIGH Voltage lon = - 400 HA a2 ee 
Ouptowvotage | x-zime «| Sid as fv 


input LOW Voltage Pie 

Input Load Current Vn=0V 0 4Vcc Bes Pee ee 

Output Leakage Current_|_Vour = 0Vto +Voc aes See ee 
| 


cc Vcc Active Current (Note 4) | CE=Vi., mA 
f = 10 MHz, 
lout = 0 mA 
(Open Outputs) 
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CAPACITANCE (Notes 1, 2 & 5) 


| = i ee 
Symbol Description Test Conditions 

| Gwe __| GB inputCapactance | Vw-OV | | 
| crs __| TE input Capacitance | vw-oV CT 1) 


Output Capacitance | Vor=ov | tr 


Notes: 
Typical values are for nominal supply voltages. 
This parameter is only sampled and not 100% tested. 


Caution: The Am27X512 must not be removed from, or inserted into, a socket or board when Vcc is applied. 
Icc1 is tested with OE = ViH to simulate open outputs. 

TA = 25°C, f = 1 MHz. 

During transitions, the input may overshoot GND to —2.0 V for periods of up to 20 ns. 


Bee ieee Aa. 


Maximum DC voltage on input and output may overshoot to Vcc + 2.0 V for periods of up to 20 ns. 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 2 & 3) 


Parameter tee Parameter Test ; 
——— Description Conditions 
tavav Address to CE =OE=Vi 
Output Delay 
tELQV Chip Enable to 
Output Delay 
teLav Output Enable to sac Vit 
Output Delay 
tEHQZ toF Output Enable 
teHaz | (Note 1) | HIGH to Output 
Float 


Output Hold 
from Addresses, 
CE, or OE, 
whichever 
occurred first 


Notes: 
1. This parameter is only sampled and not 100% tested. 
2. Caution: The Am27X512 must not be removed from, or inserted into, a socket or board when Vcc is applied. 


3. Output Load: 1 TTL gate and CL = 100 pF 
Input Rise and Fall Times: 20 ns 
Input Pulse Levels: 0.45 to 2.4 V 
Timing Measurement Reference Level—inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 
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SWITCHING TEST CIRCUIT 


2.7 kQ 


DEVICE 
UNDER 
TEST 


DIODES = IN3064 
OR EQUIVALENT 


10205-004A 
Ci = 100 pF including jig capacitance 
SWITCHING TEST WAVEFORM 

2.4V 

2.0 V 2.0 

> TEST POINTS 

0.8 V 0.8 V 
0.45 V 
INPUT OUTPUT 
10205-009A 


AC Testing: Inputs are driven at 2.4 V for a Logic “1” and 0.45 V for a Logic “0”. Input pulse rise and fall times are < 20ns. 
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KEY TO SWITCHING WAVEFORMS 


SWITCHING WAVEFORMS 


2.4 


ADDRESSES 
0.45 


OUTPUT 


Note: 


WAVEFORM 


2.0 
0.8 


INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 


Change 
from Lto H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


ADDRESSES 
VALID 


tCE 


tOE 


Note 1) 
IEL LL Rt 
VLANAAAS 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 


. “Off” State 


KS000010 


tOH 


VALID 
OUTPUT 


1. OE may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 
2. toF is specified from OE or CE, whichever occurs first. 


Am27X512 


tDF 
(Note 2) 


10205-005A 


— ra 


Am27X010 


1 Megabit (131,072 x 8-Bit) CMOS ExpressROM ™ Device 


Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


@ Asan OTP EPROM alternative: 
— Factory optimized programming 
— Fully tested and guaranteed 
— Lower cost 


@ Asa Mask ROM alternative: 
— Shorter leadtime 
— Lower volume per code 


m= Compatibie with JEDEC-approved EPROM 
pinout 


GENERAL DESCRIPTION 


The Am27X010 is a wafer-level programmed EPROM 
with a standard topside for plastic packaging. It is organ- 
ized as 131,072 by 8 bits and is available in plastic DIP 
as well as plastic leaded chip carrier (PLCC) packages. 
ExpressROM Devices provide a board-ready memory 
solution for medium to high volume codes with short 
leadtimes. This offers manufacturers a cost-effective 
and flexible alternative to OTP EPROMs and mask pro- 
grammed ROMs. 


@ High noise immunity 


—@ High performance CMOS technology 
— Fast access time—120 ns 
— Low power dissipation 
100 nA maximum standby current 


@ Available in plastic DIP and plastic leaded chip 
carrier (PLCC), and in DIE form 


@ Latch-up protected to 100mA from —1 V to 
Vec+1V 


Access times as fast as 120 ns allow operation with 
high-performance microprocessors with reduced WAIT 
states. The Am27X010 offers separate Output Enable 
(OE) and Chip Enable (CE) controls, thus eliminating 
bus contention in a multiple bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 250 pW in 
standby mode. 


BLOCK DIAGRAM 
DATA OUTPUTS 
DQ.-DQ, 
OUTPUT ENABLE 
CHIP ENABLE OUTPUT 
BUFFERS 
Y Y-GATING 
DECODER 
© 
ADDRESS 
INPUTS 1,048,576-BIT 


X 
DECODER 


CELL MATRIX 


12081B-001 


Publication # 12080 Rev. C Amendment/0 


issue Date: March 1991 


AMD at 
PRODUCT SELECTOR GUIDE 


Family Part No. Am27X010 


Ordering part No: 
+5% VCC Tolerance 


+10% VCC Tolerance 


PEE Access (rey ———SS*; S20 so 
eee =| 8 oe | = Loe 


CONNECTION DIAGRAMS 
Top View 


PLASTIC DIP PLCC 


Pat Pe Pe PF 
ia 
? 


D 


12081-002A 12080-009A 


Note: 1. JEDEC nomenciature is in parentheses. 
2. The 32-Pin DIP to 32-Pin PLCC configuration varies from the JEDEC 28-Pin DIP 
to 32-Pin PLCC configuration. 


LOGIC SYMBOL PIN DESCRIPTION 
Ao — Ai6 = Address Inputs 
CE (E) = Chip Enable Input 
DQo-DQ7 = Data Outputs 
OE (G) = Output Enable Input 
PGM (P) = Enable Input 
Vpp = Vcc Supply Voltage 
Vcc = Vcc Supply Voltage 
GND = Ground 
NC = No Internal Connection 


DU No External Connection 


(Do Not Use) 


12081B-004 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: 

a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Code Designation 


AM27X010 = -125 P Cc 99999 


ea aoe e. CODE DESIGNATION 


Assigned by AMD 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 


c. PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 
X = Die 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27X010 
128K x 8-Bit CMOS ExpressROM Device 


Valid Combinations 


AM27X010-125 
AM27X010-150 
AM27X010-155 
AM27X010-200 
AM27X010-250 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


PC, JC, XC, 
Pl, Jl 


3-46 Am27X010 


AMD a" 


FUNCTIONAL DESCRIPTION 
Read Mode 


The Am27X010 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (tce). 
Data is available at the outputs toe after the falling edge 
of OE, assuming that CE has been LOW and addresses 
have been stable for at least tacc — toe. 


Standby Mode 


The Am27X010 has a CMOS standby mode which re- 
duces the maximum Vcc current to 100 pA. It is placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27X010 also has a TTL-standby mode which re- 
duces the maximum Vcc current to 1.0 mA. It is placed in 
TTL-standby when CE is at Vin. When in standby mode, 
the outputs are in a high-impedance state, independent 
of the OE input. 


Output OR-Tieing 


To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 


are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1 uF ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on 
ExpressROM Device arrays, a 4.7 uF bulk electrolytic 
capacitor should be used between Vcc and GND for 
each eight devices. The location of the capacitor should 
be close to where the power supply is connected to the 
array. 


Mode Select Table 
Read ViL VIL D4 4 DoutT 
Output X X 


Disable 


Standby 
(TTL) 


Standby 
(CMOS) 


Note: X can be either Vit or VIH 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65 to +125°C 
Ambient Temperature 

with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 

All pins except Vcc —0.6 to Vcc + 0.6 V 


Vcc —0.6 to +7.0 V 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


Note: 
During transitions, the input may overshoot GND to -2.0 V for 
periods of up to 20 ns. Maximum DC voltage on input and out- 


put may overshoot to Vcc +2.0 V for periods of up to 20 ns. 


OPERATING RANGES 


Commercial (C) Devices 

Case Temperature (Tc) 0 to +70°C 
industrial (I) Devices 

Case Temperature (Tc) —40 to +85°C 
Supply Read Voltages: 

Vcc for Am27X010—XX5 +4.75 to +5.25 V 

Vcc for Am27X010—XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating range unless otherwise specified 
(Notes 1, 4, 5 & 8) 


Parameter Parameter 
Symbol Description Test Conditions 


TTL and NMOS 


So ninion lata. Tal. ay 
as oT 
ee ee ee 
as a ES Te ST 
ea 
a 


Vcc Active Current (Note 5) | CE=Vu, 
f = 5 MHz, 
lout = 0 MA 
(Open Outputs) 


| toca | VooStandby Curent | CE=ve | Tt ma 
|_tre | Voc Supply Current (Note6) | GE=OE=Vi,Ver=Veo | | 100 | WA 


Vou Output HIGH Voltage low = — 400 pA 


ve —[aveatowvene [esi [oe Po 
| Vu | inputHiGHvottage | | Veo -03 | Veo 03 | 
a ian vege kt eat 
| iu | input toad current | Vw=0Viowvoo | |. 
to | OutputLeakage Current | Vosr=ovtosvoc | || A 


Icc1 Vcc Active Current (Note 5) | CE=Vu, mA 
f = 5 MHz, 
lour = 0 mA 
(Open Outputs) 


Veo Standby Curent __ | CE=Voo + 0.3V Goma oes 
tee | vec Supply Current (Note 6) | CE=OE=VuVer=Voo | | 100 | ua 
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CAPACITANCE (Notes 2, 3 & 7) 


Parameter Parameter 
Symbol — Description Test Conditions 


Input Capacitance 
Output Capacitance 


Notes: 
Vce must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 


Typical values are for nominal supply voltages. 
This parameter is only sampled and not 100% tested. 


Caution: The Am27X010 must not be removed from, or inserted into, a socket or board when Vcc is applied. 


Icc1 is tested with OE = Vin to simulate open outputs. 
Maximum active power usage is the sum of Icc and Ipp. 


TA = 25°C, f = 1 MHz. 
During transitions, the input may overshoot GND to —2.0 V for periods of up to 20 ns. 


he EN lS ll a AN adhe Sodio 


Maximum DC voltage on input and output may overshoot to Vcc + 2.0 V for periods of up to 20 ns. 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 


(Notes 1, 3 & 4) 
ee [| [alSlelele 
| JEDEC]} Standard | Description Conditions 
tvav | taco | Address to Se-Cen ven 
Output Dea Max | ¥20_| 760 | 200 | 2 
Chip Enable to LA ee 
Output Delay | Max. {| 120 | 150 | 200 | 250 _ 
ta.av Output Enableto | TE=vn [mn | | | | __ 
Output Delay wax | 50-| e575] 00 


tor _| Chip Enable HIGH eer uae GAS) 

(Note 2) | or Output Enable 40 

HIGH, whichever 

comes first, to Out- 

put Float 

a Output Hold oer ae ee . 


from Addresses, 
Notes: 


CE, or OE, 
whichever 
occurred first 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
This parameter is only sampled and not 100% tested. 


Caution: The Am27X010 must not be removed from, or inserted into, a socket or board when Vcc is applied. 


Output Load: 1 TTL gate and Ci = 100 pF 

Input Rise and Fall Times: 20 ns 

Input Pulse Levels: 0.45 to 2.4 V 

Timing Measurement Reference Level—Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 


Poe 
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AMD at 
SWITCHING TEST CIRCUIT 


2.7 kQ 
DEVICE 
UNDER 
TEST 


0 +5 V 


DIODES = IN3064 
OR EQUIVALENT 


10205-004A 
Ci = 100 pF including jig capacitance 
SWITCHING TEST WAVEFORM 
2.4V 
2.0V 2.0 V 
> TEST POINTS — 
0.8 V 0.8 V 
0.45 V 
INPUT OUTPUT 
10205-009A 


AC Testing: Inputs are driven at 2.4 V for a Logic “1” and 0.45 V for a Logic “0”. Input pulse rise and fall times are < 20ns. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


SWITCHING WAVEFORMS 


2.4 


ADDRESSES { 
0.45 0.8 


2.0 


HI-Z 
OUTPUT 


Note: 


INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


ADDRESSES 
VALID 


tCE 


tOE 


tacc 
(Note 1) 


PELL L{ 
VALAAAS 


amp wh 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
impedance 
“Off” State 


KS0000 10 


tDF 
(Note 2) 
tOH 


VALID 
OUTPUT 


10205-005A 


1. OE may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 
2. toF is specified from OE or CE, whichever occurs first. 
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Am27X100 


1 Megabit (131,072 x 8-Bit) ROM Compatible CMOS 


ExpressROM™ Device 


DISTINCTIVE CHARACTERISTICS 
@ Asan OTP EPROM alternative: 

— Factory optimized programming 

— Fully tested and guaranteed 

— Lower cost 


@ Asa Mask ROM alternative: 
— Pinout compatible with ROMs 
— Shorter leadtime 
— Lower volume per code 


m@ Compatible with EIAJ-approved ROM 
pinout 


GENERAL DESCRIPTION 


The Am27X100 is a wafer-level programmed EPROM 
with a standard topside for plastic packaging. The 32 pin 
EIAJ pinout is compatible with 28 pin megabit ROMs. 
The memory is organized as 131,072 by 8 bits and is 
available in a plastic DIP package as well as a plastic 
leaded chip carrier (PLCC). ExpressROM Devices pro- 
vide a board-ready memory solution for medium to high 
volume codes with short leadtimes. This offers manu- 
facturers a cost-effective and flexible alternative to OTP 
EPROMs and mask programmed ROMs. 


Advanced 
Micro 
Devices 


@ High noise immunity 


@ High performance CMOS technology 
— Fast access time—120 ns 
— Low power dissipation 
100 pA maximum standby current 


@ Available in plastic DIP, plastic leaded chip 
carrier (PLCC), and in DIE form 


@ Latch-up protected to 100 mA from —1 V to 
Vec+1V 


Access times as fast as 120 ns allow operation with 
high-performance microprocessors with reduced WAIT 
states. The Am27X100 offers separate Output Enable 
(OE) and Chip Enable (CE) controls, thus eliminating 
bus contention in a multiple bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 250 pW in 
standby mode. 


BLOCK DIAGRAM 
DATA OUTPUTS 
DQ.-DQ;, 
OUTPUT ENABLE 
CHIP ENABLE OUTPUT 
BUFFERS 
‘eeGEn Y-GATING 
Ao — Ais 
ADDRESS 
INPUTS 1,048,576-BIT 


Publication # 12619 Rev. B Amendment/O 


Issue Date: March 1991 


DECODER 


CELL MATRIX 


12081-001A 
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PRODUCT SELECTOR GUIDE 


Ordering part No: 
+5% VCC Tolerance 


+10% VCC Tolerance 


CE (E) Access (ns) 
OE (G) Access (ns) 


CONNECTION DIAGRAMS 
Top View 
PLASTIC DIP : PLCC 


As 
Ais 

As 

As 

An 
Ais 
Ato 

CE (E) 
DQ; 


PS RS eee 


D 


12081-002A 
Note: 1. JEDEC nomenclature is in parentheses. 


PIN DESCRIPTION 


Ao — Aié = Address Inputs 

CE (E) = Chip Enable Input 
DQo-DQ7 = Data Outputs 

OE (G) = Output Enable Input 
PGM (P) — = Enable Input 

Vpp = Vcc Supply Voltage 
Vcc = Vcc Supply Voltage 
GND = Ground 

NC = No Internal Connection 


DU No External Connection 


(Do Not Use) 


12081-004A 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: 


AM27X100 = -125 P 


Cc 


a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 
e. Code Designation 


i, Aerie e. CODE DESIGNATION 


Assigned by AMD 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 


c. PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 
X = Die 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 


Am27X100 


128K x 8-Bit ROM Compatible CMOS ExpressROM Device 


Valid Combinations 


AM27X100-125 


AM27X100-150 


AM27X100-200 


AM27X100-155 
AM27X100-250 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 


PC, JC, XC, the local AMD sales office to confirm availability of 


PI, Jl 


specific valid combinations and to check on newly 
released combinations. 


Am27X100 
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FUNCTIONAL DESCRIPTION 
Read Mode 


The Am27X100 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (tce). 
Data is available at the outputs toe after the falling edge 
of OE, assuming that CE has been LOW and addresses 
have been stable for at least tacc — toe. 


Standby Mode 


The Am27X100 has a CMOS standby mode which re- 
duces the maximum Vcc current to 100 pA. It is placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27X100 also has a TTL-standby mode which re- 
duces the maximum Vcc current to 1.0 mA. It is placed in 
TTL-standby when CE is at Vin. When in standby mode, 
the outputs are in a high-impedance state, independent 
of the OE input. 


Output OR-Tieing 
To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 


are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1 uF ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on 
ExpressSROM Device arrays, a 4.7 uF bulk electrolytic 
capacitor should be used between Vcc and GND for 
each eight devices. The location of the capacitor should 
be close to where the power supply is connected to the 
array. 


Mode Select Table 
kin wie ae 
Read Vit VIL xX x DouTt 
Output X X 


Disable 


Standby 
(TTL) 


Standby 
(CMOS) 


Note: X can be either ViL or VIH 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65 to +125°C 
Ambient Temperature 

with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 

All pins except Vcc —0.6 to Vcc + 0.6 V 


Vcc —0.6 to +7.0 V 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


Note: 
During transitions, the input may overshoot GND to —2.0 V for 
periods of up to 20 ns. Maximum DC voltage on input and out- 


put may overshoot to Vcc +2.0 V for periods of up to 20 ns. 


OPERATING RANGES 
Commercial (C) Devices 
Case Temperature (Tc) 0 to +70°C 
industrial (1) Devices 
Case Temperature (Tc) —40 to +85°C 
Supply Read Voltages: 
Vec for Am27X100—XX5 +4.75 to +5.25 V 
Vcc for Am27X100—XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating range unless otherwise specified 
(Notes 1, 4, 5 & 8) 


Symot | Soserpton | Testconons | am |_| unt 
Symbol Description Test Conditions 

| Vow | OutpurHicHvotage | lon=-400wa |e || 
[va | Ouputtowvotage | a-2ima «| ——Si«d;—SiasV 
vu | mpuvaarvorage | ——SSSSC*dC | eww | 
Mi wetlowvelege ne ee 
Tur | tnptoadcurent | vw=oveewe | | 10 | wa 
pis | owetteseosconet | vorsovinne [TT Ton 


Vcc Active Current (Note 5) CE=Vu, 
f = 5 MHz, 
lout = 0 mA 
(Open Outputs) 


| toce | VooStancby Curent | CExva ||| ma 
|i | Voc Supply Current (Note6) | GE=OE=Vu.Ver=Veo | | 100 | wa 


ee ee a 
vor | cupavacvotags | twaraopa dt ee | 
a aegis eS eS 
- iva (| eee 
wa Ue 
i ae 
gg ooo pert rrmnag ee ree 


lect Vcc Active Current (Note 5) | CE-= Vu, mA 
f = 5 MHz, 
lout = 0 mA 
(Open Outputs) 


| toce | VocStandby Current | TE=veczosv | | t00 | pa 
tee | Voc Supply Current (Note 6) | CE=OE=Ve.Ver=Vveo | | 100 | uA 
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CAPACITANCE (Notes 2, 3 & 7) 


Parameter Parameter _ppos2__— 

Symbol Description Test Conditions | Typ. | Max. | 
Address Input Capacitance | Vw=0V | 12 | 14 |p 
Output Capacitance ep eee cee eens Or es Wee ee ee 


Notes: 

Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

Typical values are for nominal supply voltages. 

This parameter is only sampled and not 100% tested. 

Caution: The Am27X100 must not be removed from, or inserted into, a socket or board when Vcc is applied. 


Icc1 is tested with OE = Vin to simulate open outputs. 


Maximum active power usage is the sum of Icc and Ipp. 

TA = 25°C, f = 1 MHz. 

During transitions, the input may overshoot GND to —2.0 V for periods of up to 20 ns. 

Maximum DC voltage on input and output may overshoot to Vcc + 2.0 V for periods of up to 20 ns. 


Ge OF er Ie 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
Notes 1.3 & 4 
Parameter Symbol Parameter Test 
| JEDEC | Standard | Description Conditions 
tavav Address to ce ee ee 
Output Delay [Max [720 | 150 [200 [250 
=e Suber by <a 
Output Delay 


teey | toe Yon Erato CE = Vi oe mie aan Ws 
Output Delay [Max [50 | 75 | 100 


toF Chip Enable HIGH 
(Note 2) | or Output Enable 
HIGH, whichever 
comes first, to Out- 
put Float 
oe Output Hold 


from Addresses, 
Notes: 


CE, or OE, 
whichever 
occurred first 


Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
This parameter is only sampled and not 100% tested. 
Caution: The Am27X100 must not be removed from, or inserted into, a socket or board when Vcc is applied. 


Output Load: 1 TTL gate and Ci = 100 pF 

Input Rise and Fall Times: 20 ns 

Input Pulse Levels: 0.45 to 2.4 V 

Timing Measurement Reference Level—inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 


a ott Lean 
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SWITCHING TEST CIRCUIT 


2.7 kQ 


DEVICE 
UNDER 
TEST 


0 +5 V 


DIODES = IN3064 
OR EQUIVALENT 


10205-004A 
CL = 100 pF including jig capacitance 
SWITCHING TEST WAVEFORM 

2.4V 

2.0 V 2.0 

be TEST POINTS 

0.8 V 0.8 
0.45 V 

INPUT OUTPUT 
10205-009A 


AC Testing: Inputs are driven at 2.4 V for a Logic “1” and 0.45 V for a Logic “0”. Input pulse rise and fall times are < 20ns. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


SWITCHING WAVEFORM 


2.4 
ADDRESSES ‘is 
a 0.8 


HI-Z 
OUTPUT 


Note: 


1. OE may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 


INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 


Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


ADDRESSES 


VALID 


ICE 


tacc 
(Note 1) 


PELLET | 
\AAAAAS 


2. toF is specified from OE or CE, whichever occurs first. 


Am27X100 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
impedance 
“Off” State 


KS000010 


tOH 


VALID 
OUTPUT 


tDF 
(Note 2) 


10205-005A 
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Am27X1024 


1 Megabit (65,536 x 16-Bit) CMOS ExpressROM™ Device 


DISTINCTIVE CHARACTERISTICS 


@ Asan OTP EPROM alternative: 
— Factory optimized programming 
— Fully tested and guaranteed 
— Lower cost 


@ Asa Mask ROM alternative: 
— Shorter leadtime 
— Lower volume per code 


= Compatible with JEDEC-approved EPROM 
pinout 


GENERAL DESCRIPTION 


The Am27X1024 is a wafer-level programmed EPROM 
with a standard topside for plastic packaging. It is organ- 
ized as 65,536 by 16 bits and is available in plastic DIP 
as well as plastic leaded chip carrier (PLCC) packages. 
ExpressROM Devices provide a board-ready memory 
solution for medium to high volume codes with short 
leadtimes. This offers manufacturers a cost-effective 
and flexible alternative to OTP EPROMs and mask pro- 
grammed ROMs. 


BLOCK DIAGRAM 


OUTPUT ENABLE 
CHIP ENABLE 


5d 
DECODER 


X 
DECODER 


Ao — Ais 
ADDRESS 
INPUTS 
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Advanced 
Micro 
Devices 


_ @ High noise immunity 


@ High performance CMOS technology 
— Fast access time — 170 ns 
— Low power dissipation 
200 nA maximum standby current 


@ Available in plastic DIP and plastic leaded chip 
carrier (PLCC), and in DIE form 


@ Latch-up protected to 100 mA from —1 V to 
Vec+1V 


Access times as fast as 170 ns allow operation with 
high-performance microprocessors with reduced WAIT 
states. The Am27X1024 offers separate Output Enable 
(OE) and Chip Enable (CE) controls, thus eliminating 
bus contention in a multiple bus microprocessor system. 
AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 125 mW in active mode, and 350 pW in 
standby mode. 


DATA OUTPUTS 
DQ.—DQis 


a URAL OE SEA 


OUTPUT 
BUFFERS 


Y-GATING 


1,048,576-BIT 
CELL MATRIX 


12081B-001 


Publication # 12079 Rev. C 
Issue Date: March 1991 


Amendment/O 


AMD Pa | 
PRODUCT SELECTOR GUIDE 


Family Part No. Am27X1024 


Ordering part No: 
-175 


Max Access Time (ns) eee = ee 
70 ee eee 
Ge gg 


+10% VCC Tolerance 
CE (E) Access (ns) 
OE (G) Access (rs) Re cae 


CONNECTION DIAGRAMS 


Top View 
PLASTIC DIP 

1 e 
2 
3 
4 
P Ai3 
6 Ai2 
7 Ai1 
8 Ai0o 
9 Ag 
10 GND 
11 NC 
i: As 
14 A7 
15 As 
16 As 
17 
18 
19 
20 12079-009A 


Note: JEDEC nomenciature is in parentheses. 


PIN DESCRIPTION 


Ao — Ais = Address Inputs 

CE (E) = Chip Enable Input 

DQo — DQis = Data Outputs 

OE (G) = Output Enable Input 
PGM (P) = Enable Input 

Vpp = Vcc Supply Voltage 
Vcc = Vcc Supply Voltage 
GND = Ground 

NC = No Internal Connection 


DU No External Connection 


(Do Not Use) 


12081B-004 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: 

a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Code Designation 


AM27X1024 = -175 P Cc 99999 


qe eee ee e. CODE DESIGNATION 


Assigned by AMD 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (40 to +85°C) 


c. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
J = 44-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 044) 
X = Die 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27X1024 
64K x 16-Bit CMOS ExpressROM Device 


Valid Combinations 


AM27X1024-175 
AM27X1024-200 
AM27X1024-205 
AM27X1024-250 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


PC, JC, XC, 
Pl, Ji 
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FUNCTIONAL DESCRIPTION 
Read Mode 


The Am27X1024 has two control functions, both of 
which must be logically satisfied in order to obtain data 
at the outputs. Chip Enable (CE) is the power control 
and should be used for device selection. Output Enable 
(OE) is the output control and should be used to gate 
data to the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (ce). 
Data is available at the outputs toe after the falling edge 
of OE, assuming that CE has been LOW and addresses 
have been stable for at least tacc — toe. 


Standby Mode 


The Am27X1024 has a CMOS standby mode which re- 
duces the maximum Vcc current to 200 pA. It is placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27X1024 also has a TTL-standby mode which re- 
duces the maximum Vcc current to 1.0 mA. Itis placed in 
TTL-standby when CE is at Vin. When in standby mode, 
the outputs are in a high-impedance state, independent 
of the OE input. 


Output OR-Tieing 


To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 


are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1 uF ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on 
ExpressROM Device arrays, a 4.7 uF bulk electrolytic 
Capacitor should be used between Vcc and GND for 
each eight devices. The location of the capacitor should 
be close to where the power supply is connected to the 
array. 


Read 


Output 
Disable 


Standby 
(TTL) 


Standby 
(CMOS) 


Note: X can be either Vit or ViH 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65 to +125°C 
Ambient Temperature 

with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 

All pins except Vcc —0.6 to Vcc + 0.6 V 

Vcc -0.6 to +7.0 V 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


Note: 
During transitions, the input may overshoot GND to -2.0 V for 
periods of up to 20 ns. Maximum DC voltage on input and out- 


put may overshoot to Vcc +2.0 V for periods of up to 20 ns. 


AMD zl 
OPERATING RANGES 


Commercial (C) Devices 


Case Temperature (Tc) 0 to +70°C 
industrial (Il) Devices 

Case Temperature (Tc) —40 to +85°C 
Supply Read Voltages: 

Vec for Am27X1024—XX5 +4.75 to +5.25 V 

Vcc for Am27X1024—XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating range unless otherwise specified 
(Notes 1, 4, 5 & 8) 


Parameter Parameter | 
Symbol Description Test Conditions 


TTL and NMOS 


Even] Omputlaahivenpe | taeraope Tee 
ie aa ae ar a ae re 
Stet beeaieee 
aan. a ae 
i OE 
ouputssrgecuren | var=ovives | | 5 [aa 


oh pot ee 
Output HIGH Voltage loH = — 400 pA 


f = 5 MHz, 

lour = 0 mA 

(Open Outputs) 
| Vo__| Output Low Voltage lou = 2.1 mA ee 
ae input HIGH Voltage Pe Meat Veor0S V4 
Input LOW Voltage Po ee ee 
input Load Current Vin= 0 V to +Voo OLOST “50. ae 
Output Leakage Current | Vour = 0 V to +Veo oe ee 


lect Vcc Active Current (Note 5) | CE= Vu, mA 
f = 5 MHz, 
lout = 0 mA 
(Open Outputs) 


| toce | vec Stancby Curent __| TE=Voorosv | 200 
|_te | Voc Supply Current (Note 6) | CE=OE=ViVer=Voo | | 100 | wa 
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CAPACITANCE (Notes 2, 3 & 7) 


Symbol Description Test Conditions | Typ. | Max. | Typ. | Max. | 
| Cw: [Address input Capacitance | vw-ov | 6 | 10 | 6 | 9 | pF 
| Gwe | OEtnputCapacitance | Vw=ov | t0 | 12 | 7 | 9 | pF 
| Cne | CEinputCapacitance | vw-ov st. | 12 | 7 | 9 | pe 
| Cour | OutputCapacitance | Vor=ov ss | 8 | 14 | 6 | 9 | 


Notes: 
Vce must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 


Typical values are for nominal supply voltages. 

This parameter is only sampled and not 100% tested. 

Caution: The Am27X1024 must not be removed from, or inserted into, a socket or board when Vcc is applied. 
Icc1 is tested with OE = ViH to simulate open outputs. 


Maximum active power usage is the sum of Icc and Ipp. 

TA = 25°C, f = 1 MHz. 

During transitions, the input may overshoot GND to —2.0 V for periods of up to 20 ns. 

Maximum DC voltage on input and output may overshoot to Vcc + 2.0 V for periods of up to 20 ns. 


ee, eae re 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 3 & 4) 


Parameter Test -205 

| JEDEC| Standard | Description Conditions -175 -200 

tavav tacc__| Address to CE = OE= Vit fag Bees ects Sac ca 
Output Delay [Wax | 70200 [250 

teLav Chip Enableto | OE=V Faerie RE ees 
Output Delay [Wax 170_ [200 [250 

ac OutputEnableto | TE=-Vn = |_Min. |) | | 
Output Delay Max] | 100 


Chip Enable HIGH 
or Output Enable 
HIGH, whichever 
comes first, to Out- 
put Float 

Output Hold 

from Addresses, 
CE, or OE, 
whichever 
occurred first 


Notes: 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
This parameter is only sampled and not 100% tested. 
Caution: The Am27X1024 must not be removed from, or inserted into, a socket or board when Vcc is applied. 


Output Load: 1 TTL gate and Ci = 100 pF 

Input Rise and Fall Times: 20 ns 

Input Pulse Levels: 0.45 to 2.4 V 

Timing Measurement Reference Level—inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 


lee git 3 
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SWITCHING TEST CIRCUIT 


2.7kQ 
DEVICE 
UNDER 
TEST 


0 +5 V 


DIODES = IN3064 
OR EQUIVALENT 


10205-004A 
Ci = 100 pF including jig capacitance 
SWITCHING TEST WAVEFORM 
2.4V 
2.0 V 2.0 V 
> TEST POINTS < 
0.8 V 0.8 V 
0.45 V : 
INPUT OUTPUT 
10205-009A 


AC Testing: Inputs are driven at 2.4 V for a Logic “1” and 0.45 V for a Logic “0”. Input pulse rise and fall times are < 20ns. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 


Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


KS0000 10 


SWITCHING WAVEFORMS 
2.4 es 
ADDRESSES ‘ 2.0 ADDRESSES 2.0 
sip ss VALID eae 
CE 
{CE 
OE 
- (Note 2) 
ta 
(Note 1 ) tou 
OUTPUT tected CL EL {ff CS ena 
VAAN \\ OUTPUT 
10205-005A 
Note: 


1. OE may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 
2. toF is specified from OE or CE, whichever occurs first. 
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Am27X020 


2 Megabit (262,144 x 8-Bit) CMOS ExpressROM ™ Device 


DISTINCTIVE CHARACTERISTICS 


@ Asan OTP EPROM alternative: 
— Factory optimized programming 
— Fully tested and guaranteed 
— Lower cost 


@ Asa Mask ROM alternative: 
— Shorter leadtime 
— Lower volume per code 


m@ Compatible with JEDEC-approved EPROM 
pinout 


GENERAL DESCRIPTION 


The Am27X020 is a wafer-level programmed EPROM 
with a standard topside for plastic packaging. It is organ- 
ized as 262,144 by 8 bits and is available in plastic DIP 
as well as plastic leaded chip carrier (PLCC) packages. 
ExpressROM Devices provide a board-ready memory 
solution for medium to high volume codes with short 
leadtimes. This offers manufacturers a cost-effective 
and flexible alternative to OTP EPROMs and mask pro- 
grammed ROMs. 


Advanced 
Micro 
Devices 


@ High noise immunity 


@ High performance CMOS technology 
— Fast access time—150 ns 
— Low power dissipation 
100 A maximum standby current 


@ Available in plastic DIP and plastic leaded chip 
carrier (PLCC), and in DIE form 


@ Latch-up protected to 100mA from —1 V to 
Vec+1V 


Access times as fast as 150 ns allow operation with 
high-performance microprocessors with reduced WAIT 
states. The Am27X020 offers separate Output Enable 
(OE) and Chip Enable (CE) controls, thus eliminating 
bus contention in a multiple bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 100 pW in 
standby mode. 


BLOCK DIAGRAM 
DATA OUTPUTS 
DQ.-DQ, 
Ciniccnatie is pommers> tas een 
OUTPUT ENABLE 
CHIP ENABLE OUTPUT 
BUFFERS 
Y Y-GATING 
DECODER 
ae 
ADDRESS 
INPUTS x 2.097,152-BIT 


DECODER 


Publication # 15652 Rev. A 
Issue Date: March 1991 


Amendment/0 


CELL MATRIX 


12081B-001 
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PRODUCT SELECTOR GUIDE 


Family Part No. 


Ordering part No: 
+5% VCC Tolerance 


+10% VCC Tolerance 


[Max Access Tine(re) ——SCSCSC~C~SsSS CY 
TEE Aocess (9) a Bae ar se 
OE (6) Ao008s (rs) —<s  e e 


CONNECTION DIAGRAMS 
Top View 


PLASTIC DIP 


DP a Po ee 
R 
we 
> 


D 


12081-002A 12080-009A 


Note: 1. JEDEC nomenciature is in parentheses. 
2. The 32-Pin DIP to 32-Pin PLCC configuration varies from the JEDEC 28-Pin DIP 
to 32-Pin PLCC configuration. 


LOGIC SYMBOL PIN DESCRIPTION 
Ao — A17 = Address Inputs 
CE (E) = Chip Enable Input 
DQo —- DQ7 = Data Outputs 
OE (G) = Output Enable Input 
PGM (P)_—_ = Enable Input 
Vpp = Vcc Supply Voltage 
Vcc = Vcc Supply Voltage 
GND = Ground 
NC = No Internal Connection 


DU 


No External Connection 
(Do Not Use) 


12081 B-004 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 


(Valid Combination) is formed by a combination of: 
a. Device Number 
b. Speed Option 
c. Package Type 
d. Temperature Range 
e. Code Designation 


AM27X020—s -155 P Cc 99999 


oy Cs e. CODE DESIGNATION 


Assigned by AMD 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (40 to +85°C) 


c. PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 
X = Die 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27X020 
256K x 8-Bit CMOS ExpressROM Device 


Valid Combinations 


AM27X020-155 
AM27X020-200 
AM27X020-205 
AM27X020-250 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


PC, JC, XC, 
Pl, Ji 


Am27X020 
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FUNCTIONAL DESCRIPTION 
Read Mode 


The Am27X020 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (tce). 
Data is available at the outputs toe after the falling edge 
of OE, assuming that CE has been LOW and addresses 
have been stable for at least tacc — toe. 


Standby Mode 


The Am27X020 has a CMOS standby mode which re- 
duces the maximum Vcc current to 100 pA. It is placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27X020 also has a TTL-standby mode which re- 
duces the maximum Vcc current to 1.0 mA. It is placed in 
TTL-standby when CE is at Vin. When in standby mode, 
the outputs are in a high-impedance state, independent 
of the OE input. 


Output OR-Tieing 


To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 


are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put Capacitance loading of the device. At a minimum, a 
0.1 uF ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on 
ExpressROM Device arrays, a 4.7 uF bulk electrolytic 
capacitor should be used between Vcc and GND for 
each eight devices. The location of the capacitor should 
be close to where the power supply is connected to the 
array. 


Mode Select Table 


Ss 


Read 


Output 
Disable 


Standby 
(TTL) 


Standby 
(CMOS) 


Note: X can be either ViL or ViH 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65 to +125°C 
Ambient Temperature 

with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 

All pins except Vcc —0.6 to Vcc + 0.6 V 

Vcc —0.6 to +7.0 V 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


Note: 
During transitions, the input may overshoot GND to —2.0 V for 
periods of up to 20 ns. Maximum DC voltage on input and out- 


put may overshoot to Vcc +2.0 V for periods of up to 20 ns. 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) 0 to +70°C 
industrial (1) Devices 

Case Temperature (Tc) —40 to +85°C 
Supply Read Voltages: 

Vec for Am27X020—-XX5 +4.75 to +5.25 V 

Vcc for Am27X020—XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating range unless otherwise specified 
(Notes 1, 4, 5 & 8) 


mer | Sem [imeem [om [a Jo 
Symbol Description Test Conditions 

[vor | OupuriGrvonage | tou=—a00va «Yea iV 
| Vo | OutputLowvottage | la-2tma | || 
a OT 
Evie, sane OWA. cafes ee 
Tu | imputuoascurern | Vusoveeweo | —*| +0 | wa 
pis Powsnueearoson—[verovenes TY TT Ta 


Vcc Active Current (Note 5) | CE= Vi, 
f = 5 MHz, 
lout = 0 mA 
(Open Outputs) 


[tose | VecStandby Curent | TE=vm Tt ma 
__tep | Voc Supply Current (Note 6) | GE=OE=Vu,Ver=Vvec [| | 100__| pA | 


VoH Output HIGH Voltage low =— 400 pA Vec - 0.8 


ae aga per ee es GE 
| Vu | inputHiGHvotage | | 7 oo | Veco 05 | V_ | 
yc epilom voles eee 
| iu | input Load current | Vw=0Vtowvoo | | 
He cuputiaoeoet_| voeovinevee fk tak 


lect Vcc Active Current (Note 5) | CE= Vu, 
f = 5 MHz, 
lout = 0mA 
(Open Outputs) 


| toce | Voo Standby Current | TE=Vveczoav | | t00_| wa 
|e | Vee Supply Current (Note 6) | CE=OE=Vi.Ver=vec | |_ 100 | wa 
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CAPACITANCE (Notes 2, 3 & 7) 


Parameter Parameter 
Symbol Description Test Conditions Typ. 


Input Capacitance 
Output Capacitance 


Notes: 3 

Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
Typical values are for nominal supply voltages. 

This parameter is only sampled and not 100% tested. 


Caution: The Am27X020 must not be removed from, or inserted into, a socket or board when Vcc is applied. 
Icc1 is tested with OE = Vin to simulate open outputs. 
Maximum active power usage is the sum of Icc and Ipp. 


TA = 25°C, f = 1 MHz. 
During transitions, the input may overshoot GND to —2.0 V for periods of up to 20 ns. 


Pe en ee ee 


Maximum DC voltage on input and output may overshoot to Vcc + 2.0 V for periods of up to 20 ns. 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 3 & 4) 


Parameter Symbol Parameter Test 
| JEDEC | Standard | Description Conditions 
per |: eo LAddeSs Ce-Ohek | Min 
Output Delay Max [150 
tELav tce Chip Enable to OE = Vit 
; Output Delay | Max. | 


Chip Enable HIGH 
or Output Enable 
HIGH, whichever 
comes first, to Out- 
put Float 


Output Hold 
from Addresses, 
CE, or OE, 
whichever 
occurred first 


Notes: 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
. This parameter is only sampled and not 100% tested. 


2 
3. Caution: The Am27X020 must not be removed from, or inserted into, a socket or board when Vcc is applied. 
4 


.. Output Load: 1 TTL gate and Ci = 100 pF 
Input Rise and Fall Times: 20 ns 
Input Pulse Levels: 0.45 to 2.4 V 
Timing Measurement Reference Level—inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 
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SWITCHING TEST CIRCUIT 


2.7 kQ 
DEVICE 
UNDER 
TEST 


DIODES = IN3064 
OR EQUIVALENT 


10205-004A 
Ci = 100 pF including jig capacitance 
SWITCHING TEST WAVEFORM 

2.4V 

2.0 V 2.0 V 

» TEST POINTS 

0.8 V 0.8 V 
0.45 V 

INPUT OUTPUT 
10205-009A 


AC Testing: Inputs are driven at 2.4 V for a Logic “1” and 0.45 V for a Logic “O”. Input pulse rise and fall times are < 20ns. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


KS0000 10 


SWITCHING WAVEFORMS 
24 a 
ADDRESSES ( 2.0 ADDRESSES 
nee ae VALID eg ae 
CE 
{CE 
OE 
tOE (DF 
(Note 2) 
tACC 
(Note 1) 4 
Hee LTTTTT CVA 
OUTEMT ARLEN OUTPUT 
10205-005A 
Note: 


1. OE may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 


2. toF is specified from OE or CE, whichever occurs first. 
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Am27X2048 


2 Megabit (131,072 x 16-Bit) CMOS ExpressROM™ Device 


DISTINCTIVE CHARACTERISTICS 


@ Asan OTP EPROM alternative: 
— Factory optimized programming 
— Fully tested and guaranteed 
— Lower cost 


@ Asa Mask ROM alternative: 
— Shorter leadtime 
— Lower volume per code 


= Compatible with JEDEC-approved EPROM 
pinout 


GENERAL DESCRIPTION 


The Am27X2048 is a wafer-level programmed EPROM 
with a standard topside for plastic packaging. It is organ- 
ized as 131,072 by 16 bits and is available in plastic DIP 
as well as plastic leaded chip carrier (PLCC) packages. 
ExpressROM Devices provide a board-ready memory 
solution for medium to high volume codes with short 
leadtimes. This offers manufacturers a cost-effective 
and flexible alternative to OTP EPROMs and mask pro- 
grammed ROMs. 


Advanced 
Micro 
Devices 


@ High noise immunity 


@ High performance CMOS technology 
— Fast access time — 150 ns 
— Low power dissipation 
100 pA maximum standby current 


@ Available in plastic DIP and plastic leaded chip 
carrier (PLCC), and in DIE form 


@ Latch-up protected to 100 mA from —1 V to 
Veco+1V 


Access times as fast as 150 ns allow operation with 
high-performance microprocessors with reduced WAIT 
states. The Am27X2048 offers separate Output Enable 
(OE) and Chip Enable (CE) controls, thus eliminating 
bus contention in a multiple bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 125 mW in active mode, and 125 pW in 
standby mode. 


DATA OUTPUTS 


OUTPUT 
BUFFERS 


Y-GATING 


BLOCK DIAGRAM 
OUTPUT ENABLE 
CHIP ENABLE 
Y 
DECODER 
Ao— Ars 
ADDRESS 
INPUTS 


X 
DECODER 


2,097,152-BIT 
CELL MATRIX 


12081B-001 


Publication # 15653 Rev. A 
Issue Date: March 1991 
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PRODUCT SELECTOR GUIDE 


Family Part No. Am27X2048 


Ordering part No: 
+5% VCC Tolerance 


+10% VCC Tolerance 


[ax Access Time (ns) | 160 +f 00 SC«dSSSCt 
5 isso ba SR CTL ee a a 
OE (6) Aovess (ns) Wiese Ses Ge, eee ea 


CONNECTION DIAGRAMS 


Top View 
PLASTIC DIP 
Vpp 1° Vec 
CE (E) 2 PGM (P) 
DQi15 3 Ais 
— . Ais DQi2 L}7 Ai3 
= . At DQ11 L} 8 Ai2 
DQi2 6 Ai3 
DQ1; > Ai DQi0 LI 9 Ait 
DQio 8 Kis DQs L} 10 Aio 
DQo9 9 Ai0 DQs | $11 Ag 
DQs 10 Ag GND L]} 12 GND 
GND 11 GND NC 
oe 8 = : Da7 [] 14 As 
DQs 14 J As DQs L} 15 ~ 
DQ. 15 TI As DQs _] 16 As 
DQ3 16 ine DQ4 |] 17 As 
DQ2 17 —! As 
DQ; 18 LI A> 
DQo 19 A; 
E (G) L- 20 —! Ao 12081-0024 12079-009A 
Note: JEDEC nomenclature is in parentheses. 
PIN DESCRIPTION 
Ao — Ais = Address Inputs 
CE(B) = Chip Enable Input 
DQo — DQis = Data Outputs 
OE (G) = Output Enable Input 
PGM (P) —_ = Enable Input 
Vpp = Vcc Supply Voltage 
Vec = Vcc Supply Voltage 
GND = Ground 
NC = No Internal Connection 


DU No External Connection 


(Do Not Use) 


12081B-004 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: 

a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Code Designation 


AM27X2048 = - 155 P Cc 99999 


eae e. CODE DESIGNATION 


Assigned by AMD 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (40 to +85°C) 


c. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
J = 44-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 044) 
X = Die 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27X2048 
128K x 16-Bit CMOS ExpressROM Device 


Valid Combinations 


AM27X2048-155 
AM27X2048-200 
AM27X2048-205 
AM27X2048-250 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


PC, JC, XC, 
Pl, Jl 
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FUNCTIONAL DESCRIPTION 
Read Mode 


The Am27X2048 has two control functions, both of 
which must be logically satisfied in order to obtain data 
at the outputs. Chip Enable (CE) is the power control 
and should be used for device selection. Output Enable 
(OE) is the output control and should be used to gate 
data to the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (tce). 
Data is available at the outputs toe after the falling edge 
of OE, assuming that CE has been LOW and addresses 
have been stable for at least tacc — toe. 


Standby Mode 


The Am27X2048 has a CMOS standby mode which re- 
duces the maximum Vcc current to 200 p)A. It is placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27X2048 also has a TTL-standby mode which re- 
duces the maximum Vcc current to 1.0 mA. It is placed in 
TTL-standby when CE is at Vin. When in standby mode, 
the ous are in a high-impedance state, independent 
of the OE input. 


Output OR-Tieing 


To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


Itis recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control! bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 


are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1 F ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on 
ExpressROM Device arrays, a 4.7 uF bulk electrolytic 
capacitor should be used between Vcc and GND for 
each eight devices. The location of the capacitor should 
be close to where the power supply is connected to the 
array. 


Mode Select Table 


Vit X Xx DouT 


Read Vit 


Output 
Disable 


Standby | Vin 
(TTL) 


Standby} Vcc +0.3V] X 
(CMOS) 


Note: X can be either Vit or Vin 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65 to +125°C 
Ambient Temperature 

with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 

All pins except Vcc —0.6 to Vcc + 0.6 V 

Vec —0.6 to +7.0 V 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


Note: 
During transitions, the input may overshoot GND to —2.0 V for 
periods of up to 20 ns. Maximum DC voltage on input and out- 


put may overshoot to Vcc +2.0 V for periods of up to 20 ns. 


OPERATING RANGES 


Commercial (C) Devices 

Case Temperature (Tc) 0 to +70°C 
industrial (1) Devices 

Case Temperature (Tc) —40 to +85°C 
Supply Read Voltages: 

Vec for Am27X2048—XX5 +4.75 to +5.25 V 

Vec for Am27X2048—XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating range unless otherwise specified 
(Notes 1, 4, 5 & 8) 


Syma | Sosrpton | touconanons | n_| wax | unt 
Symbol Description Test Conditions 
[vow | OuputtiGH vonage | lov=-a00k_ | aa | 
[va _| ouputtowvorage | a-aima «dt SS«d;SCas 
[vn | wpurictvorage | SSSCS~*dSCi dees | 
ee ee es ee ee ee 
Tu | mputtoascurent | vuzovewe | | 10 [wa 
ho | Ouputteakagecurent | Vorr=0Viwwec | | 8 | wa 
Icc1 


Vcc Active Current (Note 5) | CE= Vu, mA 
f = 5 MHz, 
lout =O mA 
(Open Outputs) 


[loca | VocStandby Current | CE=vm ||| mA 
__lee | Veo Supply Current (Note 6) | CE=OE=Vi,Ver=Voc | | 100__| aA 


| Vow | OutputHIGHVotage | ton=-400mA | Voc-0.8| | 
| Vo. | OutputLowvolage | laa2tma ||| 
| vn ___| inputHigHvotage || (7 Veo | Voov 05 | Vv 
| Vi | pputtiowvotge oe | sos 
| iu | input Load Curent | Vw=0Viosvoo | | 8.0 
| OutputLeskage Current | Vour=oVtosvoo | || A 


Vcc Active Current (Note 5) | CE= Vu, 
f = 5 MHz, 
lour =O mA 
(Open Outputs) 


IL 
lu 
ILo 


Vcc Standby Current » CE =Vcc +0.3V 
Vcc Supply Current (Note 6) | CE = OE = Vu, Ver = Vcc 
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CAPACITANCE (Notes 2, 3 & 7) 


Parameter Parameter 
Symbol Description Test Conditions | Typ. | Max. | Typ. | Max. | 

| Cw | InputCapacitance | Vw-0v | 10: | 12 | 8 | 10 | pF 
| Cour _| OutputCapacitance | Vor=0V | 12 | 15 | 9 | 12 | oF 


Notes: 
Vee must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 


Typical values are for nominal supply voltages. 
This parameter is only sampled and not 100% tested. 
Caution: The Am27X2048 must not be removed from, or inserted into, a socket or board when Vcc is applied. 


Icc1 is tested with OE = Vin to simulate open outputs. 

Maximum active power usage is the sum of Icc and Ipp. 

TA = 25°C, f = 1 MHz. 

During transitions, the input may overshoot GND to —2.0 V for periods of up to 20 ns. 


Pe ae en Cee Tae 


Maximum DC voltage on input and output may overshoot to Vcc + 2.0 V for periods of up to 20 ns. 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 3 & 4) 


Parameter Test -205 

| JEDEC| Standard | Description Conditions -200 

ae eee CE=-CE=vu | min, | | | 
Outpt Dela ee 

tELav Chip Enable to OE = Vit Sees ees Say Se 
Output Delay 750 [ 200] 250 


ay Output Enable to | CE= Vu wees ls ee 
Output Delay Bian Mid Rona ee mee 


tEHOQZ Chip Enable HIGH 
tGHaz or Output Enable 
a 


HIGH, whichever 
Notes: 


comes first, to Out- 


Output Hold 
from Addresses, 
CE, or OE, 
whichever 
occurred first 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

This parameter is only sampled and not 100% tested. 

Caution: The Am27X2048 must not be removed from, or inserted into, a socket or board when Vcc is applied. 
Output Load: 1 TTL gate and Ci = 100 pF 

Input Rise and Fall Times: 20 ns 

Input Pulse Levels: 0.45 to 2.4 V 


Timing Measurement Reference Level—linputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 


att a 
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SWITCHING TEST CIRCUIT 


DEVICE 
UNDER 0. +5V 
TEST 


DIODES = IN3064 
OR EQUIVALENT 


10205-004A 
Ci = 100 pF including jig capacitance 
SWITCHING TEST WAVEFORM 

2.4V 

2.0 V 2.0 

> TEST POINTS 

0.8 V 0.8 V 
0.45 V 
INPUT OUTPUT 
10205-009A 


AC Testing: Inputs are driven at 2.4 V for a Logic “1” and 0.45 V for a Logic “0”. Input pulse rise and fall times are < 20ns. 
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KEY TO SWITCHING WAVEFORMS 


SWITCHING WAVEFORMS 
2.4 
ADDRESSES ( 2.0 ADDRESSES 
capil aa VALID 
CE 
Ice 
OE 
toe 
tacc 
(Note 1) 
Hi-Z LL LLL SI 
OUTPUT 
LV \NAAS 
Note: 


WAVEFORM INPUTS 


Must be 
Steady 


May 


Change 
from H to L 


May 
Change 
from L to H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


KS0000 10 


tDF 
(Note 2) 
tOH 


VALID 
OUTPUT 


10205-005A 


1. OE may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 
2. toF is specified from OE or CE, whichever occurs first. 


Am27X2048 
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Am27X040 


4 Megabit (524,288 x 8-Bit) CMOS ExpressROM™ Device 


DISTINCTIVE CHARACTERISTICS 


@ As an OTP EPROM alternative: 
— Factory optimized programming 
— Fully tested and guaranteed 
— Lower cost 


@ Asa Mask ROM alternative: 
— Shorter leadtime 
— Lower volume per code 


= Compatible with JEDEC-approved EPROM 
pinout 


GENERAL DESCRIPTION 


The Am27X040 is a wafer-level programmed EPROM 
with a standard topside for plastic packaging. It is organ- 
ized as 524,288 by 8 bits and is available in plastic DIP 
as well as plastic leaded chip carrier (PLCC) packages. 
ExpressROM Devices provide a board-ready memory 
solution for medium to high volume codes with short 
leadtimes. This offers manufacturers a cost-effective 
and flexible alternative to OTP EPROMs and mask pro- 
grammed ROMs. 


Advanced 
Micro 
Devices 


@ High noise immunity 


@ High performance CMOS technology 
— Fast access time—120 ns 
— Low power dissipation 
100 A maximum standby current 


@ Available in plastic DIP and plastic leaded chip 
carrier (PLCC), and in DIE form 


@ Latch-up protected to 100 mA from —1 V to 
Vec+1V 


Access times as fast as 120 ns allow operation with 
high-performance microprocessors with reduced WAIT 
states. The Am27X040 offers separate Output Enable 
(OE) and Chip Enable (CE) controls, thus eliminating 
bus contention in a multiple bus microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 100 pW in 
standby mode. 


BLOCK DIAGRAM 
DATA OUTPUTS 
-DQ, 
PSs Ye proumes 2°: Sane 
O——e GND 
ees ys 
OE 
OUTPUT ENABLE 
CHIP ENABLE OUTPUT 
ar BUFFERS 
Y Y-GATING 
DECODER 
Ao — Ars 
ADDRESS 
INPUTS 4,194,304-BIT 


Publication # 15654 Rev. A 
Issue Date: March 1991 


Amendment/0 


X 
DECODER 


CELL MATRIX 


12081B-001 
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PRODUCT SELECTOR GUIDE 


Family Part No. 


Ordering part No: 
+5% VCC Tolerance 


+10% VCC Tolerance 


preree 
[ax ooess Time es) | v0 | 160 | 200 | 50 
Fe 
SG aeecote | « [To -< | 


CONNECTION DIAGRAMS 
Top View 


PLASTIC DIP PLCC 


12081-002A 12080-009A 


Note: 1. JEDEC nomenciature is in parentheses. 
2. The 32-Pin DIP to 32-Pin PLCC configuration varies from the JEDEC 28-Pin DIP 
to 32-Pin PLCC configuration. 


LOGIC SYMBOL PIN DESCRIPTION 
Ao — Ais = Address Inputs 
CE (E) = Chip Enable Input 
DQo-DQ7 = Data Outputs 
OE (G) = Output Enable Input 
Vpp = Vcc Supply Voltage 
Vcc = Vcc Supply Voltage 
GND = Ground 
NC = No Internal Connection 


DU No External Connection 


(Do Not Use) 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: 

a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Code Designation 


AM27X040 =—s -125 P Cc 99999 


i aR ee e. CODE DESIGNATION 


Assigned by AMD 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (—-40 to +85°C) 


c. PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 
X = Die 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27X040 
512K x 8-Bit CMOS ExpressROM Device 


Valid Combinations 


AM27X040-125 
AM27X040-150 
AM27X040-155 
AM27X040-200 
AM27X040-250 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


PC, JC, XC, 
Pi, Jl 
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FUNCTIONAL DESCRIPTION 
Read Mode 


The Am27X040 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (tce). 
Data is available at the outputs toe after the falling edge 
of OE, assuming that CE has been LOW and addresses 
have been stable for at least tacc — toe. 


Standby Mode 


The Am27X040 has a CMOS standby mode which re- 
duces the maximum Vcc current to 100 yA. It is placed in 
CMOS-standby when CE is at Vcc + 0.3 V. The 
Am27X040 also has a TTL-standby mode which re- 
duces the maximum Vcc current to 1.0 mA. It is placed in 
TTL-standby when CE is at Vin. When in standby mode, 
the outputs are in a high-impedance state, independent 
of the OE input. 


Output OR-Tieing 


To accommodate multiple memory connections, a two- 
line control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a 
common connection to all devices in the array and con- 
nected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low-power standby mode and that the output pins 


are only active when data is desired from a particular 
memory device. 


System Applications 


During the switch between active and standby condi- 
tions, transient current peaks are produced on the rising 
and falling edges of Chip Enable. The magnitude of 
these transient current peaks is dependent on the out- 
put capacitance loading of the device. At a minimum, a 
0.1 uF ceramic capacitor (high frequency, low inherent 
inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, 
to overcome the voltage drop caused by the inductive 
effects of the printed circuit board traces on 
ExpressROM Device arrays, a 4.7 uF bulk electrolytic 
capacitor should be used between Vcc and GND for 
each eight devices. The location of the capacitor should 
be close to where the power supply is connected to the 
array. 


Read 


Output 
Disable 


Standby 
(TTL) 


Standby 
(CMOS) 


Voc + 0.3 V 


Note: X can be either Vit or ViH 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65 to +125°C 
Ambient Temperature 

with Power Applied —55 to +125°C 
Voltage with Respect to Ground: 

All pins except Vcc —0.6 to Vcc +0.6 V 

Vcc —0.6 to +7.0 V 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


Note: 
During transitions, the input may overshoot GND to —2.0 V for 
periods of up to 20 ns. Maximum DC voltage on input and out- 


put may overshoot to Vcc +2.0 V for periods of up to 20 ns. 


OPERATING RANGES 
Commercial (C) Devices 
Case Temperature (Tc) 0 to +70°C 
industrial (I) Devices 
Case Temperature (Tc) —40 to +85°C 
Supply Read Voltages: 
Vcc for Am27X040—XX5 +4.75 to +5.25 V 
Vec for Am27X040—XX0 +4.50 to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC tesa over operating range unless otherwise specified 
(Notes 1,4,5&8 


remot | Se [cam [am | oe [on 
Symbol Description Test Conditions 
[vow | Oupatrichvotage | im=—a00ua «da | 
| Vo | Outputrowvottage | ta=2tma | | 
[vm | iotnicH vonage | S*dY S| ooo | VW 
Me cs AteptLOie e e 
Ts | tpttoadcuren | vw=ovweree | «| +0 wa 
Fis oveatemnenoone [venous OTT aa 


Vcc Active Current (Note 5) | CE=Vi, 
f = 5 MHz, 
lout = 0 mA 
(Open Outputs) 


[toca | VocStandby Curent | CExvn ||| ma 
__lee | Voc Supply Current (Note 6) | CE=OE=Vu, ver =Voc [| | 100 | wa 


Vv Output HIGH Voltage lo = — 400 pA Vec - 0.8 


| Vow | OutputHiGH vottage | ton=-400wa | Voo-08| | 
| Vo. | Outputtowvottage | laz2tma ||| 
| Vu inputhicHvotage | (7 Veo | Ves 05 | V 
ER ee eee eS er 
|u| inputtoadcurent | V=0vtowvec | ttc 
| uo | Outputeakage Curent | vour=ovtorvec | | is wa 


loc Vcc Active Current (Note 5) | CE=Viz, mA 
f = 5 MHz, 
lour=OmMmA 
(Open Outputs) 


Vee Standby Current CE = Veo + 0.3V oe Wee a 
poe Vec Supply Current (Note 6) | CE = OE = Vi, Vep = Vcc Ries oS 
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CAPACITANCE (Notes 2, 3 & 7) 


Parameter _ Parameter |_ppos2_| PLog2__ 
Symbol Description Test Conditions | Typ. | Max.| Typ. | Max. | 

| Cw | InputCapacitance | Vw-0V | 10. | 12 | 8 | 10 | pF 
| Cour | OutputCapacitance | Vor=0v ss | 15 | 9 | 12 | pF 


Notes: 
Vce must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 


Typical values are for nominal supply voltages. 
This parameter is only sampled and not 100% tested. 
Caution: The Am27X040 must not be removed from, or inserted into, a socket or board when Vcc is applied. 


Icc1 is tested with OE = ViH to simulate open outputs. 
Maximum active power usage is the sum of Icc and Ipp. 


TA = 25°C, f = 1 MHz. 
During transitions, the input may overshoot GND to —2.0 V for periods of up to 20 ns. 


ABD a Aa) 29 Air aoa gates RD acy 


Maximum DC voltage on input and output may overshoot to Vcc + 2.0 V for periods of up to 20 ns. 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
(Notes 1, 3 & 4) 


ies [| [al elelale 

| JEDEC| Standard | Description Conditions 

Tee ee eee ne rs ee ee ee 
Output Daly Max [120 50| 00 | 50 


OE = Vi Snes gg ed Cees ee 
Output Delay Max. | 120 | 150 | 200 | 250 


m= [= lesiser [FH E ri aa 
Output Delay 
LS) Rein Saees Se 


Chip Enable HIGH 

Nf 2) | or Output Enable 
HIGH, whichever 
comes first, to Out- 
put Float 

taxax Output Hold 

from Addresses, 
CE, or OE, 
whichever 
occurred first 


Notes: 


1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

This parameter is only sampled and not 100% tested. 

Caution: The Am27X040 must not be removed from, or inserted into, a socket or board when Vcc is applied. 
Output Load: 1 TTL gate and Ci = 100 pF 

Input Rise and Fall Times: 20 ns 

Input Pulse Levels: 0.45 to 2.4 V 


Timing Measurement Reference Level—Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 


> 
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SWITCHING TEST CIRCUIT 


2.7 kQ 
DEVICE 
UNDER 
TEST 


DIODES = IN3064 
OR EQUIVALENT 


10205-004A 
CL = 100 pF including jig capacitance 
SWITCHING TEST WAVEFORM 
2.4V 
2.0 V 2.0 V 
> TEST POINTS < 
0.8 V 0.8 V 
0.45 V 
INPUT OUTPUT 
10205-009A 


AC Testing: Inputs are driven at 2.4 V for a Logic “1” and 0.45 V for a Logic “0”. Input pulse rise and fall times are < 20ns. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


SWITCHING WAVEFORMS 


2.4 
2.0 


ADDRESSES 4 
0.45 0.8 


HI-Z 
OUTPUT 


Note: 


1. OE may be delayed up to tacc-toé after the falling edge of CE without impact on tacc. 


INPUTS 


Must be 
Steady- 


May 
Change 
from H to L 


May 


Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


ADDRESSES 


VALID 


ICE 


tOE 


tacc 
(Note 1) 


CLL ff / 
LALAANS 


2. toF is specified from OE or CE, whichever occurs first. 


Am27X040 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
impedance 
“Off” State 


KS0000 10 


tOH 


VALID 
OUTPUT 


tDF 
(Note 2) 


10205-005A 
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An Introduction to Flash Memory 


WHAT IS FLASH MEMORY? 


Flash memories are the most cost effective non-volatile alternative for high density mem- 
ory applications that require in-system reprogramming. 


Flash memory is born out of a marriage of EPROM and E?PROM technology. Accord- 
ingly, Flash memories incorporate the best characteristics of both devices. Flash memo- 
ries are erased electrically just like E7PROMs. However, Flash memories erase the entire 
chip at once. This is similar to UV EPROM. Unlike E7PROM, Flash memories do not allow 
data to be changed on a byte by byte basis. In addition, the Am28Fxxx family of Flash 
memories uses a separate 12.0 V +5% programming power supply for both program and 
erase operations. Absolute write protection is provided when the 12.0 V supply is dis- 
abled. 


The Am28F010 one Megabit Flash memory can be completely reprogrammed in less 
than five seconds. Reprogramming includes both the erase and programming operations. 
This is even faster than a standard E°7PROM. In addition, Flash devices eliminate the 
need for expensive windowed packages, unplugging devices from sockets during code 
changes, and the 15-20 minutes required for EPROM erasure using ultraviolet light. 
Since Flash memories are available in plastic packages they are ideal for todays auto- 
matic manufacturing lines. 


Table One compares the basic features of U.V. EPROM, Flash memories, and 
E*PROMs. 


Table 1 


Prager 6 UV Chip Erase | Electrical Chip Erase | Electricl Byte Erase 


Program 12.5V 12.0 V 5.0 V 
Voltage 

Programming External In-system In-system : 
Method Programmer : 

Reprogramming 15-20 5 Seconds 10 Seconds 
Time (1 Megabit) Minutes 


Where Will Flash Memories Be Used? 
Flash memories can be used in a wide variety of applications that today are implemented 
with EPROM, EPROM, SRAM & Battery, or DRAM & Disk memory systems. 


Why Is Flash Memory Cost Effective? 


In order to answer this question, the total cost of reprogramming a non-volatile memory 
system must be considered. There are two components of the cost structure associated 


Flash Memories 


AMD cl 


with in-system reprogramming. They are the device cost and the cost of updating memory 
contents in-system. 


The following sections illustrate the advantage of AMD’s Flash memory family versus to- 
day’s alternative non-volatile memories. 


12.0 V Flash vs. UV EPROM 

Although the current device cost of Flash memories is greater than UV EPROM, soon 
they will be priced at only a multiple of 1.2 times UV EPROM. The cost savings of per- 
forming in-system reprogramming with Flash memories greatly outweighs any device 
level cost advantage of UV EPROM. The cost savings of a Flash memory system is 
greatly magnified if in-system updates are repeatedly performed. The key difference as 
shown in table 2 is in the cost of updating memory contents. 


When the code of a UV EPROM is updated the device must be removed from a socket 
and either erased for 15-20 minutes, reprogrammed, and then replaced, or just replaced 
with an entirely new device containing the updated code. This method of updating mem- 
ory contents is extremely labor intensive wherever it is performed, at the prototype stage, 
on the manufacturing line, or especially if it is required when a system is in the field. The 
reoccuring cost of a service call today exceeds $150. Logistics of implementing manual 
code changes are complicated if they are to be transparent to the system user. The down 
time associated with replacing EPROMs is reflected in the end user's loss of productivity. 


In addition, when system disassembly occurs in the field to replace EPROM based code 
storage it impacts the overall system in two ways. First, system design may compromise 
the most efficient use of board layout space. The placement of the EPROM device and its 
socket is dictated by ease of access and replacement when the system is disassembled. 
Second, whenever systems are disassembled the integrity of its reliability as shipped 
from the factory shipped may be jeopardized. Frequently, system disassembly causes 
damage to boards and components. In addition, system recalibration may be required 
after reassembly. | 


Flash memories offer a superior solution. Reprogramming memory contents can be con- 
veniently accomplished electrically in the resident system. Typically it takes only one sec- 
ond to erase an entire Flash memory device and only seconds to program the entire ar- 
ray. Memory contents may be updated in a number of ways. Reprogramming can be ac- 
complished remotely via the communication abilities of the target system such as modem, 
Integrated Services Digital Networks (ISDN), or if it is part of a networked system. Up- 
dates may also be performed using existing disk drive capability. The updated code may 
also be distributed via floppy disks and downloaded with just a few simple strokes on the 
keypad. 


12.0 V Flash vs. E*PROM, 5.0 V - only Flash, and SRAM & 
Battery 

The cost of updating memory contents for each of these alternatives is essentially equiva- 
lent. Again, existing communication links can be used. A nominal cost is assigned for this 
procedure as listed in table 2. In this comparison the primary advantage of AMD’s Flash 
solution is in the device cost. AMD’s Flash memories will continue to parallel the density 
of UV EPROMs while costing only slightly more than them. This is due to the use of our 
EPROM-like single transistor memory cell. Because these other devices use multiple 
transistor memory cells, they will be hard pressed to match the future increases in device 
density and the inherent cost-per-bit advantage of 12.0 V Flash memories. 


Since at least 60% of a memory chip is comprised of the actual memory array, any alter- 
native to the single transistor memory cell will suffer from limits of increasing chip density, 
incur a 2-4x increase in silicon real estate, and have a higher manufacturing cost struc- 
ture. Today’s 5.0 V-only Flash memories are really only watered down versions of stan- 
dard E7PROMs. They use complex, multiple transistor memory cells similar to E-PROMs. 
This approach to Flash memories still uses charge pumps to raise internal voltages up to 
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18 volts and greater. This severely stresses the memory’s tunnel oxide. In part, this ex- 
plains the lower endurance capability of these types of devices. 5.0 V only Flash devices 
have at least an order of magnitude lower cycling endurance than 12.0 V Flash memory. 


In addition, non-volatile 12.0 V Flash memories are not burdened by the reliability con- 
cern of battery backed SRAMs. Why try and predict battery failure? Flash memories ex- 
hibit the time tested data retention characteristics of EPROM memory devices. There is 
no need for battery holders or system design compromises that permit access to the bat- 
tery for replacement. Batteries are also susceptible to environmental effects of tempera- 
ture and mechanical shock and vibration. 


12.0 V Flash vs. DRAM & Disk Drive 


The new explosive growth markets of miniature portable equipment and computers along 
with the associated need for transportable non-volatile memory will be another driving 
factor for Flash memories. This will establish Flash memories as the new memory of 
choice. Flash offers immediate access (instant-on) to application programs without the 
download time associated with transfering application code from hard disk to system 
memory; code is executable directly from the memory. Data files may be written and al- 
tered using the Flash memory as a rewritable storage medium. A much smaller form fit 
and weight factor is achieved with solid state memory versus a mechanical disk drive. 
Power consumption is substantially reduced and reliability increased due to the greater 
lifetime achieved in environmentally extreme conditions. 


Table Two summarizes these issues. 


Table 2 


Device Cost 
(256 K Density) Update Cost Total Cost 


EPROM $2.00 $150.00 $152.00 
E*?PROM $20.00 $8.00 $28.00 


SRAM & $12.00 $8.00 $20.00 
Battery 


5.0 V Flash $10.00 — 20.00 $8.00 $18.00 — 28.00 


Flash & $5.00 $8.00 $16.00 
Vpp Circuitry $3.00 


ppc rd FLASH MEMORIES LOWER MY TOTAL SYSTEM 
T? 


In-System Updates 

Flash memories provide immediate dividends as soon as they are reprogrammed. Code 
prototype time is significantly reduced because Flash memories can be updated with new 
code in a manner of seconds. Updates can occur on the prototype board without any dis- 
assembly. This eliminates the time required to unplug, UV erase, reprogram, and replace 
EPROMs. | 


Manufacturing Efficiency 


Manufacturing processes are simplified by using Flash memories. Board level diagnos- — 
tics, final system test, and customer specific configuration code can all be downloaded 
into the Flash memory electrically on the assembly line. Devices may be soldered directly 
to the system board. This eliminates the need to disassemble the system and replace 
socketed devices. 
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Time To Market ) 

Today being first to market often separates the winners from the also rans. Since Flash 
memories are reprogrammable in-system, final system code is not absolutely a necessary 
requirement prior to shipment. As refinements and updates are made, each previously 
shipped system can be updated conveniently and cost effectively. Thus your entire prod- 
uct line can always be as up-to-date as your newest systems rolling out the factory door. 


Efficient Inventory Control 

Accurate product mix forecasting is an elusive capability. Changing market conditions that 
deviate from even the best forecasts have real world impact on a business unit’s ability to 
be responsive to customer demands and meet quarterly goals. Flash memories offer an 
innovative solution to this issue. Generic hardware systems can be planned and built 
without exact knowledge of final product mix. Various models of one hardware platform 
may be configured with customer specific code prior to shipment. 


This allows you to create a more flexible and cost effective finished goods inventory. You 
can now respond immediately to changing market demand as soon as marketing informa- 
tion is available. 


Field Service Savings 

The prohibitive costs associated with a field service call are now a thing of the past. 
When updates to system code or system reconfiguration is necessary, these costly serv- 
ice calls may be replaced with remote updates or by distributing floppy disks with new 
data. In this way, systems can also be reprogrammed when usage is at a minimum. The 
procedures required to keep all systems up to date now become transparent to the actual 
end user. In addition, system reliability is not compromised when remote updates are per- 
formed. System disassembly is not required. This also eliminates handling, ESD, and 
component damage issues. 
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Advantages of AMD’s 12.0 V 
Flash Memory Family 


AMD’s Flash Memories Create a Defacto Industry Standard 
AMD is the first company to address the issue of device compatibility. In the world of 
Flash memories today, no two device offerings can be used as 100% compatible alter- 
nate sources of supply. While 32-pin pinouts are assigned for Flash E27PROMs, program- 
ming software standards do not exist. This is one of the major issues that must be ad- 
dressed in order to fuel the widespread use of Flash memories. 


AMD is leading the way to promote a defacto industry standard pinout and software for 
Flash memories. AMD’s approach allows our device to be used as a 100% alternate 
source with the Intel Flash memories. Our devices are 100% compatible with the Intel 
type of software commands while providing us the flexibility to enhance our device fea- 
tures. These enhancements are a natural extension of our years of experience in the 
E*PROM business. 


The market acceptance of Flash memories is now accelerated by the availability of 100% 
software and pinout compatible devices from the two largest U.S. suppliers of non-volatile 
memories. 


Flash Memory Technology is Evolutionary 

AMD is the only Flash memory supplier that is also a major manufacturer of both EPROM 
and EPROM technologies. We have transferred this experience base directly to our 
Flash memory technology and manufacturing process. This synergy is important because 
Flash memories were actually born out of a marriage of these two technologies. 


We build our Flash memories on our state of the art 1.0 uM CMOS technology on the 
same high volume manufacturing line used for our current EPROM and E?PROM de- 
vices. This provides the basis for our steep learning curve that will bring the cost of our 
12.0 V Flash memories to within just a slight premium over UV EPROM devices. 


Our many years of experience in E7PROM design and our understanding of the issues 
relating to in-system write operations are incorporated into our Flash memory family. In 
addition, the many years of manufacturing experience and constant refinements to our 
thin film tunnel oxide provide immediate benefits to our Flash family. 


Control Gate 


Interpoly Dielectric 


Floating Gate 


Tunnel Oxide 
Source ) e Drain 
Erase Terminal Program Terminal 


The AMD Single Transistor Memory Cell 


Figure 1. The AMD Flash Memory Cell 
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Programming Endurance 

AMD's Flash memory technology incorporates the traditional EPROM programming 
mechanism of hot electron injection and the standard E7PROM erase mechanism of 
Fowler-Nordheim tunneling. AMD achieves the highest level of endurance capability by 
performing each of the program and erase operations on separate terminals of the mem- 
ory cell. This is because programming and erase methods employ different charge trans- 
fer mechanisms. This way the memory cell can be optimized for each separate mecha- 
nism. In addition, the Vpp voltage used for program and erase operations is lower than 
the voltages used by traditional E7PROMs. This significantly lowers the stress on the tun- 
nel oxide during erase operations and hence extends the cycling capability of the tunnel 
oxide by orders of magnitude. 


Manufacturing Efficiency 


AMD also leads the industry as the most cost efficient manufacturer of non-volatile 
memories. Our EPROM experience base again offers immediate benefits to our Flash 
family. We continue to the lead the competition with the smallest Flash memory chips. 
Thus, we are positioned to be the lowest cost Flash memory supplier in the industry. This 
not only ensures our viability as a long term supplier but also ensures you of a ready sup- 
ply of product. 
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Zero Wait State Systems 

AMD’s Flash memories let you take full advantage of your high performance microproces- 
sor systems. Our devices lead the industry with the fastest access times available. AMD’s 
Am28F256 and Am28F512 devices are available at 70ns and our Am28F010 one Mega- 
bit device is available at 90ns. These devices operate at typically twice the performance 
of our competitors. Again, this advantage is a direct result of AMD’s high performance 
EPROM leadership. 


Inadvertant Write Protection 

The AMD Flash memory incorporates an on-chip state machine to determine the operat- 
ing mode of the device. The state machine is accessed only via the on chip command 
register. In turn, the command register is only enabled when the 12.0 V Vpp voltage is 
active. Without the Vpp voltage, memory contents can not be altered. 


The command register is manipulated by a combination of three control pins. The only 
condition valid for a write operation is when OE is high and both CE and WE are low. Any 
other state is considered a non-write state. Data can not be transferred from the com- 
mand register to the state machine if a non-write state condition exists. 


The state machine requires a sequence of two-cycle bus commands to change the “state” 
of the Flash memory device. Should an improper sequence of commands be issued to 
the device it will interpret these as “illegal” commands and safely reset to the read only 
mode and terminate any current operation. The two-cycle bus commands tend to elimi- 
nate the potential for inadvertent writes should system glitches occur. It is unlikely that the 
proper sequence and timing of these glitches would resemble actual valid commands. 
This is an advantage over other approaches to Flash memories that simply use control 
pins to initiate write operations. 


In addition, during system power transitions the Flash memory device automatically re- 
sets to the read mode. The command register may also be effectively locked out of trans- 
fering any commands to the state machine by tying the WE pin to the device Vcc pin. 
Thus, WE will always be in a non-write configuration until driven low by the system write 
control line. 


Please refer to application note AN—101 for details regarding this issue. 


Efficient Programming Algorithms Also Guarantee 

Data Retention 

AMD's Flash memory programming algorithms use an interactive approach to adequately 
program and erase the device with a minimal number of pulses. 


We guarantee data retention by using a similar margin verify concept employed by 
EPROM programming algorithms. During the verify mode an internally generated margin 
verify voltage is applied to each addressed memory location. The verify voltage is gener- 
ated internally on chip from the static 12.0 V Ver supply. In this way, data retention is 
guaranteed to equal that of EPROM memories. 


Generating Vpp Programming Voltages 

In many of today’s systems a regulated 12.0 V supply is available. If this is not the case, 
there are many alternatives for generating this voltage. They vary from DC/DC or analog 
convertors that can pump up 5.0 V from the system Vcc to the regulated 12.0 V Vpp sup- 
ply. In addition, there are many DC/DC convertors that take higher incoming voltages and 
step them down to the regulated Vpp output voltage. 


The cost of implementing the voltage generation typically costs less than a fraction of the 
Flash memory itself and best of all it can be amortized over the entire Flash memory ar- 
ray. Many of these solutions offer enough programming current to program and erase 
four (4) devices in parallel. This would be sufficient for many of today’s 32-bit word 
systems. 


Please refer to application note AN—102 for details regarding this issue. 
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32,768 x 8-Bit CMOS Flash Memory 


DISTINCTIVE CHARACTERISTICS 
@ High performance 

— 90 ns maximum access time 
@ Low power consumption 


— 30 mA maximum active current 
— 100 pA maximum standby current 


Z& Compatible with JEDEC-standard byte-wide 
pinouts 
— 32-pin DIP 
— 32-pin PLCC 

@ 10,000 erase/program cycles 

@ Program and erase voltage 12.0 V +5% 


@ Latch-up protected to 100 mA 
from —1 V to Vcc +1 V 


GENERAL DESCRIPTION 


The Am28F256 is a 256K “Flash” electrically erasable, 
electrically programmable read only memory organized 
as 32K bytes of 8 bits each. The Am28F 256 is packaged 
in 32-Pin PDIP and PLCC versions which allow for up- 
grades to the 2 Megabit density. The device is also of- 
fered in ceramic DIP and LCC packages. It is designed 
to be reprogrammed and erased in-system or in stan- 
dard EPROM programmers. 


The standard Am28F 256 offers access times as fast as 
90 ns, allowing operation of high-speed microproces- 
sors without wait states. To eliminate bus contention, 


the Am28F256 has separate chip enable (CE) and out- 


put enable (OE) controls. 


AMD’s Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F256 uses a command register to manage this 
functionality, while maintaining a standard 32-Pin 
pinout. The command register allows for 100% TTL 
level control inputs and fixed power supply levels during 
erase and programming, while maintaining maximum 
EPROM compatibility. 


AMD's Flash technology reliably stores memory con- 
tents even after 10,000 erase and program cycles. The 
AMD cell is designed to optimize the erase and pro- 
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal elec- 
tric fields for erase and programming operations pro- 
duces reliable cycling. The Am28F256 uses a 
12.0 V+5% Vpp supply to perform the Flasherase and 
Flashrite algorithms. 


The highest degree of latch-up protection is achieved 
with AMD's proprietary non-epi process. Latch-up pro- 
tection is provided for stresses up to 100 milliamps on 
address and data pins from —1 V to Vcc+1 V. 


4-10 


Advanced 
Micro 
Devices 


= Flasherase™ Electrical Bulk Chip-Erase 
— One second typical chip-erase 

® Flashrite™ Programming 
— 10 us typical byte-program 
— Less than 0.5 second typical chip program 


= Command register architecture for 
microprocessor/microcontroller compatible 
write interface 


@ On-chip address and data latches 


@ Advanced CMOS flash memory technology 
— Low cost single transistor memory cell 


The Am28F256 is byte programmable using 10 us pro- 
gramming pulses in accordance with AMD’s Flashrite 
programming algorithm. The typical room temperature 
programming time of the Am28F256 is less than one 
half a second. The entire chip is bulk erased using 10ms 
erase pulses according to AMD’s Flasherase algorithm. 
Typical erasure at room temperature is accomplished in 
less than one second. The windowed package and the 
15-20 minutes required for EPROM erasure using ultra- 
violet light are eliminated. 


Commands are written to the command register using 
standard microprocessor write timings. Register con- 
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad- 
dress and data needed for the programming and erase 
operations. For system design simplification, the 
Am28F256 is designed to support either WE or CE con- 
trolled writes. During a system write cycle, addresses 
are latched on the falling edge of WE or CE whichever 
occurs last. Data is latched on the rising edge of WE or 
CE whichever occurs first. To simplify the following dis- 
cussion, the WE pin is used as the write cycle control pin 
throughout the rest of this text. All setup and hold times 
are with respect to the WE signal. 


AMD's Flash technology combines years of EPROM 
and E?PROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F256 electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are pro- 
grammed one byte at a time using the EPROM program- 
ming mechanism of hot electron injection. 


Publication# 11560 Rev. C Amendment/0 


Issue Date: March 1991 
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CONNECTION DIAGRAMS 
DIP PLCC* 


11560-003A 


11560-002A 


Note: Pin 1 is marked for orientation. 
* Also available in LCC. 


LOGIC SYMBOL 


11560-004A 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 
is formed by a combination of: a. Device Number 

b. Speed Option 

c. Reprogram Cycles 

d. Package Type — 

e. Temperature Range 

f. Optional Processing 


AM28F256 -95 


C4 J Cc B 
oe f. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 

e. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
| = Industrial (-40 to + 85°C) 
E = Extended (-55 to + 125°C) 

d. PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 

Chip Carrier (PL 032) 

c. REPROGRAM CYCLES (10%) 
C4 = 10,000 cycles minimum 
C3 = 1,000 cycles minimum 

b. SPEED OPTION 


See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 


Am28F256 
256K (32K x 8-Bit) CMOS Flash Memory 


Valid Combinations Valid Combinations 


Valid Combinations list configurations planned to 

C4PC, CAIC, be supported in volume for this device. Consult 

AM28F 256-90 a 3 aaa the local AMD sales office to confirm availability of 

AM28F 256-95 specific valid combinations and to check on newly 
C3PCB, C3JCB released combinations. 


C4PC, C4PI, C4JC, 
C4JI, C4PCB, C4PIB, 


C4JCB, C4JIB, C4PE, 
AM28F256-120 | G4pEeR. CAJE, CAJEB 
AM28F 256-150 | C4Ji, C3PC, C3PI, 
AM28F256-200 | C3JC, C3uJl, C3PCB, 
C3PIB, C3JCB, C3JIB, 
C3PE, C3PEB, C3JE, 
C3JEB 
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ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combina- 
tion) is formed by a combination of: a. Device Number 

b. Speed Option 

c. Reprogram cycles 

d. Device Class 

e. Package Type 

f. Lead Finish 


C4 /B U A 
i Eee f. LEAD FINISH 
A = Hot Solder Dip 
e. PACKAGE TYPE 


X = 32-Pin Ceramic DIP (CD 032) 
U = 32-Pin Rectangular Ceramic 
Leadless Chip Carrier (CLR 032) 


AM28F256 -120 


d. DEVICE CLASS 
/B = Class B 


c. REPROGRAM CYCLES (10%) 
C4 = 10,000 cycles minimum 
C3 = 1,000 cycles minimum 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am28F256 
256K (32K x 8-Bit) CMOS Flash Memory 


Valid Combinations 


Valid Combinations Valid Combinations list configurations planned to 


AM28F 256-120 be supported in volume for this device. Consult 
AM28F256-150 C4/BXA, C4/BUA the local AMD sales office to confirm availability of 

C3/BXA, C3/BUA specific valid combinations and to check on newly 
AM28F 256-200 released combinations. 


Group A Tests 


Group A tests consist of Subgroups 
5 Bap ae hy ie: Oy Bs fe Pia 
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PIN DESCRIPTION 

Ao — A14 

Address Inputs for memory locations. Internal latches 
hold addresses during write cycles. 

DQo- DQ 7 


Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


CE (E) 
The Chip Enable active low input activates the 
chip’scontrol logic and input buffers. Chip Enable high 


deselects the device and operates the chip in stand-by 
mode. 


OE (G) 
The Output Enable active low input gates the outputs of 


the device through the data buffers during memory read 
cycles. 


WE (W) 
The Write Enable active low input controls the write 
function of the command register to the memory array. 


PRELIMINARY 


The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate data is latched 
on the rising edge of the pulse. 

Vpp 


Power supply for erase and programming. Ver must be 
at high voltage in order to write to the command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can- 
not be altered when Vpp < Vcc +2V. 

Vcc 


Power supply for device operation. (5.0V + 5% or 10%) 
Vss 
Ground 


NC 


No Connect-corresponding pin is not connected inter- 
nally to the die. 
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BASIC PRINCIPLES 


The Am28F256 uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram- 
ming operations use a fixed 12.0V + 5% power supply. 


Read Only Memory 


Without high Vpp voltage, the Am28F 256 functions as a 
read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 


Command Register 


The command register is enabled only when high volt- 
age is applied to the Vpep pin. The erase and reprogram- 
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 


The Am28F256’s command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de- 
vice operations. For system design simplification, the 
Am28F256 is designed to support either WE or CE 
controlled writes. During a system write cycle, ad- 
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occur first. To simplify the follow- 
ing discussion, the WE pin is used as the write cycle con- 
trol pin throughout the rest of this text. All setup and hold 
times are with respect to the WE signal. 


Overview of Erase/Program Operations 
Erase Sequence 


A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and re- 
peated one cycle verify commands). 


Note: 

The Flash memory array must be completely pro- 
grammed prior to erasure. Refer to the Flasherase 
Algorithm. 


1. Set-up Erase: Write the Set-up Erase command to 
the command register. 


2. Erase: Write the Erase command (same as Set-up 
Erase command) to the command register again. 


AMD cl 


The second command initiates the erase operation. 
The system software routines must now time-out the 
erase pulse width (10 ms) prior to issuing the Erase- 
verify command. 


3. Erase-verify: Write the Erase-verify command to 
the command register. This command terminates 
the erase operation. After the erase operation, each 
byte of the array must be verified. Address informa- 
tion must be supplied with the Erase-verify com- 
mand. This command verifies the margin and out- 
puts the addressed byte in order to compare the ar- 
ray data with FFH data (Byte erased). After success- 
ful data verification the Erase-verify command is 
written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 


lf data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is suc- 
cessfully verified or the sequence is repeated 1000 
times. 


Programming Sequence 


A three step command sequence (a two-cycle Program 
command and one cycle Verify command) is required to 
program a byte of the Flash array. Refer to the Flashrite 
Algorithm. 


1. Set-up Program: Write the Set-up Program com- 
mand to the command register. 


2. Program: Write the Program command to the com- 
mand register with the appropriate Address and 
Data. The system software routines must now time- 
out the program pulse width (10 us) prior to issuing 
the Program-verify command. 


3. Program-verify: Write the Program-verify com- 
mand to the command register. This command ter- 
minates the programming operation. In addition, this 
command verifies the margin and outputs the byte 
just programmed in order to compare the array data 
with the original data programmed. After successful 
data verification, the programming sequence is initi- 
ated again for the next byte address to be pro- 
grammed. 


If data is not verified, the Program sequence is repeated 
until a successful comparison is verified or the se- 
quence is repeated 25 times. 


4-16 Am28F256 


AMD a4 PRELIMINARY 


FUNCTIONAL DESCRIPTION 
Description Of User Modes 


Table 1. Am28F256 User Bus Operations 


Vpp 
parton | | | Om looten| | me | v0 


FS sca Maeda ON RR La Se DT ae. ee 
pStaneiy os i Sb Mw |X em XxX sd ee 
Read-Only | OutputDisable |u| Vim | Vin | Vem | X |X | HIGHZ 


Auto-select Manufacturer Vit Vit Vin VpPL Vit Vip CODE 
Code (Note 2) (Note 3)} (01H) 
Auto-select Device Code Vit Vit ViH VPPL ViH Vip CODE 
(Note 2) (Note 3)} (A1H) 
Read Vi“ Vit Vin VPPH Ao Ag Dout 
(Note 4) 


Read/Write |-Standby(NoteS) | Vin | OX |X | Vee | OX |X| HIGHZ 


Write Vit ViH Vit VPPH Ao Ag Din 
(Note 6) 
Legend: 


X = Don't care, where Don't Care is either Vit or ViH levels, VppL = Vpp < Vcc + 2V, See DC Characteristics for voltage lev- 
els of VPPH, OV < An <Vcc + 2V, (normal TTL or CMOS input levels, where n = 0 or 9). 


Notes: 


1. VppL_ may be grounded, connected with a resistor to ground, or < Vcc +2.0V. VpPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When Vpp = VpPL, memory contents can be read but not written or erased. 
Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 

11.5 < ViD < 13.0V 


Read operation with Ver = VppH may access array data or the Auto select codes. 


With Vpp at high voltage, the standby current is Icc + Ipp (standby). 


Refer to Table 3 for valid Din during a write operation. 


TS SE ere 


All inputs are Don’t Care unless otherwise stated, where Don’t Care is either Vit or ViH levels. In the Auto select mode all 
addresses except Ag and Ao must be held at VIL. 
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READ ONLY MODE 

Vpp < Vcc + 2V 

Command Register Inactive 
Read 


The Am28F256 functions as a read only memory when 
Vpp < Vcc + 2V. The Am28F256 has two control func- 
tions. Both must be satisfied in order to output data. CE 
controls power to the device. This pin should be used for 
specific device selection. OE controls the device outputs 
and should be used to gate data to the output pins if a 
device is selected. 


Address access time tacc is equal to the delay from sta- 
ble addresses to valid output data. The chip enable ac- 
cess time tce is the delay from stable addresses and sta- 
ble CE to valid data at the output pins. The output enable 
access time is the delay from the falling edge of OE to 
valid data at the output pins (assuming the addresses 
have been stable at least tacc — toe). 


Standby Mode 

The Am28F256 has two standby modes. The CMOS 
standby mode (CEinput held at Vcc + 0.5V), consumes 
less than 100yA of current. TTL standby mode (CE is 
held at Vin) reduces the current requirements to less 
than 1mA. When in the standby mode the outputs are in 
a high impedance state, independent of the OE input. 


If the device is deselected during erasure, program- 
ming, or program/Verase verification, the device will draw 
active current until the operation is terminated. 


Output Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im- 
pedance state. 
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Auto Select 


Flash memories can be programmed in-system or in é 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto- 
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the de- 
vice. 


Programming In A Prom Programmer 


To activate this mode, the programming equipment 
must force Vip (11.5V to 13.0V) on address As. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from Vit to Vin. All other 
address lines must be held at Vi, and Vep must be less 
than or equal to Vcc + 2.0V while using this Auto select 
mode. Byte 0 (Ao = ViL) represents the manufacturer 
code and byte 1 (Ao = Vix) the device identifier code. For 
the Am28F256 these two bytes are given in the table be- 
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (DQ7) defined as the 
parity bit. 


(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program- 
ming the Flash memory device in-system). 


Table 2. Am28F256 Auto Select Code 


"cere raga as rer Code ees 


Code 
aia ae 


a ee ie 
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ERASE, PROGRAM, AND READ MODE 


Vep = 12.0 V + 5% 
Command Register Active 
Write Operations 


High voltage must be applied to the Vpp pin in order to 
activate the command register. Data written to the regis- 
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 


The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to Vit, while OE is at Vin. Ad- 
dresses are latched on the falling edge of WE, while data 
is latched on the rising edge of the WE pulse. Standard 
microprocessor write timings are used. 


Register bits R7— Ro correspond to the data inputs DQ7 
— DQo (Refer to Table 3). Register bits R7— Rs store the 
command data. All register bits Ra to Ro must be zero. 
The only exceptions are: the reset command, when FFH 
is written to the register and Auto select, when 90H or 
80H is written to the register. 


The device requires the OE pin to be Vin for write opera- 
tions. This condition eliminates the possibility for bus 
contention during programming operations. In order to 
write, OE must be Vin, and CE and WE must be Vi. If any 
pin is not in the correct state a write command will not be 
executed. 


Refer to AC Write Characteristics and the Erase/Pro- 
gramming Waveforms for specific timing parameters. 


Command Definitions 


The contents of the command register default to 00H 
(Read Mode) in the absence of high voltage applied to 
the Vpp pin. The device operates as a read only mem- 
ory. High voltage on the Vpp pin enables the command 
register. Device operations are selected by writing spe- 
cific data codes into the command register. Table 4 de- 
fines these register commands. 


Read Command 


Memory contents can be accessed via the read com- 
mand when Vpp is high. To read from the device, write 
OOH into the command register. Wait 6s before reading 
the first accessed address location. All subsequent 
Read operations take tacc. Standard microprocessor 
read cycles access data from the memory. The device 
will remain in the read mode until the command register 
contents are altered. 


The command register defaults to OOH (read mode) 
upon Vpp power-up. The 00H (Read Mode) register de- 
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the Vee power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 


Table 3. Command Register 


|DatainputOutput | Gr | DQ] DAs} DQ | DAs} DQ | DA | DG 


|CommandRegister | OR | Re | ORs | Re | ORs | Re | RY | Ro 
Notes: 


1. See Table 4 Am28F256 Command Definitions 
2. X = Appropriate Data or Register Commands 
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Table 4. Am28F256 Command Definitions 


Set-up Erase/Erase 
(Note 4) 


Notes: 
1. Bus operations are defined in Table 1. 
2. RA = Address of the memory location to be read. 


comme | Rea aa a Sten] ea Ba 

(Note 1) (Note 2) | (Note 3) (Note 1) (Note 2) (Note 3). 
|Read Memory (Notes6,7)| Write | Xs | OOH/FFH | Read =| RA | RD 
i A hc ene Sl 
|Erase-Verify (Note 4) | Write =| EA | AOH =~ | Read S| XC EVD 
(Note 5) 


EA = Address of the memory location to be read during erase-verify. 


PA = Address of the memory location to be programmed. 
Addresses are latched on the falling edge of the WE pulse. 


3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 


PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 
PVD = Data read from location PA during program-verify. PA is latched on the Program command. 


4. Figure 1 illustrates the Flasherase Electrical Erase Algorithm. 


5. Figure 2 illustrates the Flashrite Programming Algorithm. 


6. Wait 6 us after first Read command before accessing the data. When the second bus command is a Read command, all 


subsequent Read operations take tacc. 
7. Please refer to Reset Command section on page 5-18. 


Erase Sequence 
Set-up Erase/Erase Commands 


Set-up Erase 


Set-up Erase is the first of a two-cycle erase command. 
It is a command-only operation that stages the device 
for bulk chip erase. The array contents are not altered 
with this command. 20H is written to the command reg- 
ister in order to perform the Set-up Erase operation. 


Erase 


The second two-cycle erase command initiates the bulk 
erase operation. You must write the Erase command 
(20H) again to the register. The erase operation begins 
with the rising edge of the WE pulse. The erase opera- 
tion must be terminated by writing a new command 
(Erase-verify) to the register. 


This two step sequence of the Set-up and Erase com- 
mands helps to ensure that memory contents are not ac- 
cidentally erased. Also, chip erasure can only occur 
when high voltage is applied to the Vpp pin and all control 
pins are in their proper state. In absence of this high volt- 
age, memory contents cannot be altered. Refer to AC 
Erase Characteristics and Waveforms for specific tim- 
ing parameters. 


Note: 

The Flash memory device must be fully programmed to 
OOH data prior to erasure. This equalizes the charge on 
all memory cells ensuring reliable erasure. 


Erase-verify Command 


The erase operation erases all bytes of the array in par- 
allel. After the erase operation, all bytes must be se- 
quentially verified. The Erase-verify operation is initi- 
ated by writing AOH to the register. The byte address to 
be verified must be supplied with the command. Ad- 
dresses are latched on the falling edge of the WE pulse. 
The rising edge of the WE pulse terminates the erase 
operation. 


Margin Verify 


During the Erase-verify operation, the Am28F256 ap- 
plies an internally generated margin voltage to the ad- 
dressed byte. Reading FFH from the addressed byte in- 
dicates that all bits in the byte are properly erased. 


Verify Next Address 


You must write the Erase-verify command with the ap- 
propriate address to the register prior to verification of 
each address. Each new address is latched on the fall- 
ing edge of WE. The process continues for each byte in 
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the memory array until a byte does not return FFH data 
or all the bytes in the array are accessed and verified. 


If an address is not verified to FFH data, the entire chip is 
erased again (refer to Set-up Erase/Erase). Erase verifi- 
cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. At 
this point, the verification operation is terminated by 
writing a valid command (e.g. Program set-up) to the 
command register. Figure 1 and Table 5, the Flasherase 
electrical erase algorithm, illustrate how commands and 
bus operations are combined to perform electrical era- 


YES 


PLSCNT 


PLSCNT = 
1000 
YES 


Read Data from Device 


sure. Referto AC Erase Characteristics and Waveforms 
for specific timing parameters. 


Note: 

The erase-verify command must be written to the reg- 
ister in order to terminate the erase operation. During 
the erase operations, the local microprocessor must 
be dedicated to run software timing routines (erase in 
10ms) as specified in AMD’s Flasherase algorithm. 


Should a system interrupt occur during an erase opera- 
tion, always write the Erase-verify command prior to 
executing an interrupt sequence. 


Data = 00H 


NO 


PLSCNT =0 


Time out 6uS 


Apply Vee. 
Last Address 
E E 
pes 
Write Reset Command 
Apply Veec 


Erasure Completed 


11561-005B 


Figure 1. Flasherase Electrical Erase Algorithm 
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Flasherase Electrical Erase Algorithm 

This Flash memory device erases the entire array in par- 
allel. The erase time depends on Vpp, temperature, and 
number of erase/program cycles on the device. In gen- 
eral, reprogramming time increases as the number of 
erase/program cycles increases. 


The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the array. Erasure begins with a read of the mem- 
ory contents. The Am28F256 is erased when shipped 
from the factory. Reading FFH data from the device 
would immediately be followed by executing the Flash- 
rite programming algorithm with the appropriate data 
pattern. 


Should the device be currently programmed, data other 
than FFH will be returned from address locations. Fol- 
low the Flasherase algorithm. Uniform and reliable era- 
sure is ensured by first programming all bits in the de- 
vice to their charged state (Data = 00H). This is accom- 
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plished using the Flashrite programming algorithm. Era- 
sure then continues with an initial erase operation. 
Erase verification (Data = FFH) begins at address 
0000H and continues through the array to the last ad- 
dress, or until data other than FFH is encountered. If a 
byte fails to verify, the device is erased again. With each 
erase operation, an increasing number of bytes verify to 
the erased state. Typically, devices are erased in less 
than 100 pulses (1 second). Erase efficiency may be im- 
proved by storing the address of the last byte that fails to 
verify in a register. Following the next erase operation, 
verification may start at the stored address location. A 
total of 1000 erase operations are allowed per 
reprogram cycle, which corresponds to approximately 
10 seconds of cumulative erase time. Erasure typically 
occurs in one second. The entire sequence of erase and 
byte verification is performed with high voltage applied 
to the Vpp pin. Figure 1 illustrates the electrical erase 
algorithm. 


Table 5. Flasherase Electrical Erase Algorithm 


a Ke 


Standby 


Notes: 


Bus Operations | Command | Comments 


Entire memory must = 00H before erasure (Note 3) 
Note: Use Flashrite programming algorithm (Figure 2) for 
programming. 

Wait for Vpp ramp to VppH (Note 1) 
Initialize: 

Addresses 

PLSCNT (Pulse count) 


Set-Up Erase 
Standby PEE eee: Duration of Erase Operation (twHwxz) 


Write Erase-verify (Note 2) | Address = Byte to Verify 

Data = AOH 

Stops Erase Operation 
Standby | = Write Recovery Time before Read = 6s 
Read | ~SSSSSCSCC=*d’;CReadbye to very erasure 


Standby Compare output to FFH 

Increment pulse count 
[write ~~ | Reset. | Data= FFH, reset the register for read operations. 
UR ee eee Wait for Vpp ramp to Vee (Note 1) 


1. See DC Characteristics for value of VPpPH or VppL. The Vpp power supply can be hard-wired to the device or switchable. 
When Vpp is switched, VppL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0V. 


2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 


written with the read command. 


3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 
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C 


D E F 


OY) 


A B C D E 
Bus Cycle Write Write | Time Time Read 
-Out -Out 
Command N/A N/A Compare 
Data 
Function Set-up Erase | Erase- 
Erase (10ms)| verify 


G 11561-006A 
Stand by 
N/A 
Transition 
(6us) 


Stand by & 
verification | Vcc Power 
down 


Figure 2. A.C. Waveforms For Erase Operations 


Analysis Of Erase Timing Waveform 


Note: 

This analysis does not include the requirement to pro- 
gram the entire array to OOH Gata prior to erasure. Refer 
to-the Flasherase algorithm. 


Set-up Erase/Erase 


This analysis illustrates the use of two-cycle erase com- 
mands (section A&B). The first erase command (20H) is 
a set-up command and does not affect the array data 
(section A). The second erase command (20H) initiates 
the erase operation (section B) on the rising edge of this 
WE pulse. All bytes of the memory array are erased in 
parallel. No address information is required. 


The erase pulse occurs in section C. 


Time-out 

A software timing routine (10ms duration) must be initi- 
ated on the rising edge of the WE pulse of section B. 
Erase-verify 


Upon completion of the erase software timing routine, 
the microprocessor must write the Erase-verify com- 
mand (AOH). This command terminates the erase op- 
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eration on the rising edge of the WE pulse (section D). 
The Erase-verify command also stages the device for 
data verification (section F). 


After each erase operation each byte must be verified. 
The byte address to be verified must be supplied with 
the Erase-verify command (section D). Addresses are 
latched on the falling edge of the WE pulse. 


Another software timing routine (6s duration) must be 
executed to allow for generation of internal voltages for 
margin checking and read operation (section E). 


During Erase-verification (section F) each address that 
returns FFH data is successfully erased. Each address 
of the array is sequentially verified in this manner by re- 
peating sections D thru F until the entire array is verified 
or an address fails to verify. Should an address location 
fail to verify to FFH data, erase the device again. Repeat 
sections A thru F. Resume verification (section D) with 
the failed address. 


Each data change sequence allows the device to use up 
to 1,000 erase pulses to completely erase. Typically 100 
erase pulses are required. 
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Notes: 

1. All address locations must be programmed to 00H 
prior to erase. This equalizes the charge on all memory 
cells and ensures reliable erasure. 


2. The erase verify command must be written to termi- 
nate the erase operation. Should a system interrupt oc- 
cur during an erase operation, always write the erase- 
verify command prior to executing an interrupt se- 
quence. 


Programming Sequence 
Set-up Program/Program Command 


Set-up Program 

The Am28F 256 is programmed byte by byte. Bytes may 
be programmed sequentially or at random. Set-up Pro- 
gram is the first of a two-cycle program command. It 
stages the device for byte programming. The Set-up 
Program operation is performed by writing 40H to the 
command register. 


Program 


Only after the program set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for pro- 
gramming must be available on the second WE pulse. 
Addresses and data are internally latched on the falling 
and rising edge of the WE pulse respectively. The rising 
edge of WE also begins the programming operation. 
You must write the Program-verify command to termi- 
nate the programming operation. This two step se- 
quence of the Set-up and Program commands helps to 
ensure that memory contents are not accidentally writ- 
ten. Also, programming can only occur when high volt- 
age is applied to the Vpp pin and all control pins are in 
their proper state. In absence of this high voltage, mem- 
ory contents cannot be programmed. 


Refer to AC Characteristics and Waveforms for specific 
timing parameters. 


Program Verify Command 


Following each programming operation, the byte just 
programmed must be verified. 


Write COH into the command register in order to initiate 
the Program-verify operation. The rising edge of this WE 
pulse terminates the programming operation. The Pro- 
gram-verify operation stages the device for verification 
of the last byte programmed. Addresses were previ- 
ously latched. No new information is required. 


Margin Verify 


During the Program-verify operation, the Am28F256 ap- 
plies an internally generated margin voltage to the ad- 
dressed byte. A normal microprocessor read cycle out- 
puts the data. A successful comparison between the 
programmed byte and the true data indicates that the 
byte was successfully programmed. The original pro- 
grammed data should be stored for comparison. Pro- 
gramming then proceeds to the next desired byte loca- 
tion. Should the byte fail to verify, reprogram (refer to 
Set-up Progranv/Program). Figure 3 and Table 6 indi- 
cate how instructions are combined with the bus opera- 
tions to perform byte programming. Refer to AC Pro- 
gramming Characteristics and Waveforms for specific 
timing parameters. 


Flashrite Programming Algorithm 


The Am28F256 Flashrite programming algorithm em- 
ploys an interactive closed loop flow to program data 
byte by byte. Bytes may be programmed sequentially or 
at random. The Flashrite programming algorithm uses 
10 microsecond programming pulses. Each operation is 
followed by a byte verification to determine when the ad- 
dressed byte has been successfully programmed. The 
program algorithm allows for up to 25 programming op- 
erations per byte per reprogramming cycle. Most bytes 
verify after the first or second pulse. The entire se- 
quence of programming and byte verification is per- 
formed with high voltage applied to the Ver pin. Figure 3 
and Table 6 illustrate the programming algorithm. 
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Apply Vepx 


Write Set-up Program Command 


Write Program Command (A/D) 
Time out 10ps 
Write Program-Verify Command 


Time out 6uS 


Read Data from Device 


NO 
<> 
YES YES 
YES 
Device Failed 


11561-007B 
Figure 3. Flashrite Programming Algorithm 


Table 6. Flashrite Programming Algorithm 


[Bus Operations | Command | Comments SSS 


Se 
Initialize pulse counter 

ee erat em AOE eee 

Wills ooo | Pigtam oo.) Veil AddreseOala oe pe ead 

[Standby + | SS—=d(uration of Programming Operation (tween) 


[Standby | | Write Recovery Time before Read=6us 
eed oy ce pnd byte to vedly programming 
‘Standby | Compare data outputtodataexpected 
[Write | Reset | Data'= FH, resets the register forread operations. 
[Standby | | Wiaitfor VepramptoVeri(Note?) 


Notes: 


1. See DC Characteristics for value of VppH. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 
switched, VppL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0V. 


2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 
register is written with the read command. 
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Section 


A B 


40H 


Set-up 
Program 


Bus Cycle 


Program 
Address, 
Program Data 


Program 
Command 
Latch Address 
& Data 


Fe G 
Write Time | Write Time Read Stand by 
-Out -out 
N/A COH N/A Compare N/A 
(Stops Data 
Program) 


Program| Program |Transition| Program 
(10ps) 


D E F G 
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D E 


Stand by & 
verification | Vcc Power 
down 


Figure 4. A.C. Waveforms for Programming Operations 


Analysis Of Program Timing Waveforms 


Set-up Program/Program 


Two-cycle write commands are required for program 
operations (section A&B). The first program command 
(40H) is aset-up command and does not affect the array 
data (section A). The second program command 
latches address and data required for programming on 
the falling and rising edge of WE respectively (section 
B). The rising edge of this WE pulse (section B) also initi- 
ates the programming pulse. The device is programmed 
on a byte by byte basis either sequentially or randomly. 


The program pulse occurs in section C. 


Time-out 


A software timing routine (10ys duration) must be initi- 
ated on the rising edge of the WE pulse of section B. 


Program-verity 


Upon completion of the program timing routine, the mi- 
croprocessor must write the program-verify command 


(COH). This command terminates the programming op- 
eration on the rising edge of the WE pulse (section D). 
The program-verify command also stages the device for 
data verification (section F). Another software timing 
routine (6us duration) must be executed to allow for 
generation of internal voltages for margin checking and 
read operations (section E). 


During program-verification (section F) each byte just 
programmed is read to compare array data with original 
program data. When successfully verified, the next de- 
sired address is programmed. Should a byte fail to ver- 
ify, reprogram the byte (repeat section A thru F). Each 
data change sequence allows the device to use up to 25 
program pulses per byte. Typically, bytes are verified 
within one or two pulses. 


Note: 

The program-verify operation must be written to termi- 
nate the programming operation. Should a system 
interrupt occur during a programming operation, always 
write the program-verify command prior to executing an 
interrupt sequence. 
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Algorithm Timing Delays 


There are four different timing delays associated with 
the Flasherase and Flashrite algorithms: 


1. The first delay is associated with the Vpp rise-time 
when Vpp first turns on. The capacitors on the Vpp 
bus cause an RC ramp. After switching on the Vpp, 
the delay required is proportional to the number of 
devices being erased and the 0.1p:F/device. Vpp 
must reach its final value 100ns before commands 
are executed. 


2. The second delay time is the erase time pulse width 
(10 ms). A software timing routine should be run by 
the local microprocessor to time out the delay. The 
erase operation must be terminated at the conclu- 
sion of the timing routine or prior to executing any 
system interrupts that may occur during the erase 
operation. To ensure proper device operation, write 
the Erase-verify operation after each pulse, or the 
device may continue to erase until the memory cells 
are driven into depletion (over-erasure). Should this 
happen the internal circuitry will no longer select 
unique addresses. A symptom of over-erasure is an 
error attempting to program the next time. Occasion- 
ally it is possible to recover over-erased devices by 
programming all of the locations with 00H data. 


3. A third delay time is required for each programming 
pulse width (10 ps). The programming algorithm is 
interactive and verifies each byte after a program 
pulse. The program operation must be terminated at 
the conclusion of the timing routine or prior to execut- 
ing any system interrupts that may occur during the 
programming operation. 


4. A fourth timing delay associated with both the 
Flasherase and Flashrite algorithms is the write re- 
covery time (6 us). During this time internal circuitry 
is changing voltage levels from the erase/ program 
level to those used for margin verify and read opera- 
tions. An attempt to read the device during this pe- 
riod will result in possible false data (it may appear 
the device is not properly erased or programmed). 


Note: 

Software timing routines should be written in machine 
language for each of the delays. Code written in ma- 
chine language requires knowledge of the appropriate 
microprocessor clock speed in order to accurately time 
each delay. 


Parallel Device Erasure 


Many applications will use more than one Flash memory 
device. Total erase time may be minimized by imple- 


menting a parallel erase algorithm. Flash memories 
may erase at different rates. Therefore each device 
must be verified seperately. When a device is com- 
pletely erased and verified use a masking code to pre- 
vent further erasure. The other devices will continue to 
erase until verified. The masking code applied could be 
the read command (00H). 


Power-up Sequence 
Vcc Prior to Vpp 


The Am28F256 powers-up in the Read only mode. In 
addition, the memory contents may only be altered after 
successful completion of a two step command se- 
quence. 


Vpp Prior to Vcc 


When Vcc = 0 V, the Vpp voltage is internally disabled 
from the device. Memory contents cannot be altered. 
With Vpp = 12 V, the Flash device resets to the Read 
mode when Vcc rises above 2 V. 


Power supply sequencing is not required. 


Reset Command 


The Reset command initializes the Flash memory de- 
vice to the Read mode. In addition, it also provides the 
user with a safe method to abort any device operation 
(including program or erase). 


The Reset command must be written two consecutive 
times after the set-up Program command (40H). This 
will reset the device to the Read mode. 


Following any other Flash command, write the Reset 
command once to the device. This will safely abort any 
previous operation and initialize the device to the Read 
mode. 


The set-up Program command (40H) is the only com- 
mand that requires a two sequence reset cycle. The first 
Reset command is interpreted as program data. How- 
ever, FFH data is considered null data during program- 
ming operations (memory cells are only programmed 
from a logical “1” to “O”). The second Reset command 
safely aborts the programming operation and resets the 
device to the Read mode. 


Memory contents are not altered in any case. 


This detailed information is for your reference. It may 
prove easier to always issue the Reset command two 
consecutive times. This eliminates the need to deter- 
mine if you are in the set-up Program state or not. 
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Auto Select Command 


Flash memories can be programmed in-system or ina 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


Programming In-system 


AMD’s Flash memories are designed for use in applica- 
tions where the local CPU alters memory contents. Ac- 
cordingly, manufacturer and device codes must be ac- 
cessible while the device resides in the target system. 
PROM programmers typically access the signature 


codes by raising Ag to a high voltage. However, multi- 
plexing high voltage onto address lines is not a generally 
desired system design practice. 


The Am28F256 contains an Auto Select operation to 
supplement traditional PROM programming methodol- 
ogy. The operation is initiated by writing 80H or 90H into 
the command register. Following this command, a read 
cycle address O000H retrieves the manufacturer code of 
01H. A read cycle from address 0001H returns the de- 
vice code A1H (See Table 2). To terminate the opera- 
tion, it is necessary to write another valid command into 
the register (See Table 3). 
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Storage Temperature 

Ceramic Packages — 65°C to +150°C 
Plastic Packages — 65°C to +125°C 
Ambient Temperature 

with Power Applied — 55°C to + 125°C 
Voltage with Respect To Ground 

All pins except Ao and Vpp (Note 1) — 2.0V to 7.0V 
Vcc (Note 1) — 2.0V to 7.0V 
Ag (Note 2) — 2.0V to 14.0V 
Vpp (Note 2) — 2.0V to 14.0V 
Output Short Circuit Current (Note 3) 200mA 
Notes: 


1. Minimum DC voltage on input or I/O pins is —0.5 V. During 
voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 
and I/O pins is Vcc + 0.5 V. During voltage transitions, 
outputs may overshoot to Vcc + 2.0 V for periods up to 
20 ns. 


2. Minimum DC input voltage on Ag and Vpp pins is —0.5V. 
During voltage transitions, Ag and Vpp may overshoot 
Vss to -2.0 V for periods of up to 20 ns. Maximum DC in- 


put voltage on Ag and Vpp is +13.5 V which may over- 
shoot to 14.0 V for periods up to 20 ns. 


3. No more than one output shorted at a time. Duration of 
the short circuit should not be greater than one second. 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


OPERATING RANGES 


Commercial (C) Devices 
Case Temperature (Tc) 


industrial (1) Devices 
Case Temperature (Tc) 


Extended (E) Devices 
Case Temperature (Tc) 


Military (M) Devices 
Case Temperature (Tc) 


Vcc Supply Voltages 
Vcc for Am28F256—X5 
Vcc for Am28F256—XX0 


Vpp Supply Voltages 
Read 
Program, Erase, and Verify 


PRELIMINARY 


0°C to +70°C 


— 40°C to +85°C 


— 55°C to +125°C 


— 55°C to +125°C 


+ 4.75V to +5.25V 
+ 4.50V to +5.50V 


— 0.5V to +12.6V 
+ 11.4V to +12.6V 


Am28F256 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 


20 nS 20 nS 
+.8V 
-5V 
—2.0 V 
20 nS 
11561-009A 
Maximum Negative Overshoot Waveform 
Maximum Positive Input Overshoot 
20 nS 
Vcc +2.0 V 
Vcc +0.5V 
2.0V 
20 nS 20 nS 
11561-010A 
Maximum Positive Overshoot Waveform 
Maximum Vpp Overshoot 
20 nS 
14.0 V 
13.5 V 
Voc +0.5V 
20 nS 20 nS 
11561-011A 


Maximum Vpp Overshoot Waveform 
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DC CHARACTERISTICS over operating range unless otherwise specified (for APL Prod- 
(Nor ry” A, Subgroups 1, 2, 3, 7 and 8 are tested unless otherwise noted). 
Notes 1-3 


DC CHARACTERISTICS-TTL/NMOS COMPATIBLE 


PRELIMINARY 


Parameter 
— Parameter Description Test Conditions 
Input Leakage Current Vcc = Vcc Max., +4 ts 
Vin = Vec or Vss 
Output Leakage Current Vcc - Vec Max., +1.0 
Vout = Vccor Vss 
Iccs Vec Standby Current Vcc - Vcc Max. mA 
CE=ViH 
Ices Vcc Active Read Current Voc - Vec Max.,CE = Vit, OE = Vin 30 | mA 
lout = 0 mA, at 6 MHz 
loca Vcc Programming Current CE = Vit mA 
Programming in Progress 
Icc3 Vcc Erase Current CE = Vit 30 
Erasure in Progress 


|_leps | _Ver Standby Current vere oo er a 210 ae, 
Vpp = VppH 
[rer | vrRead cure Meee a sammy A arr ae 
Vpp Programming Current Vpp = VPPH 
Programming in Progress 
a Vpp Erase Current Vpp = VpPH 30 mA 
i. ase 2s cr in Progress 


Input Low | InputLow Voltage isd —0.5 0s 108 |v 


Input High Voltage Vcc 
+ 0.5 
Output Low Voltage lo. - 5.8 mA 
Vcc = Vcc Min. 
Vout Output High Voltage loH- —2.5 MA V 
Vcc = Vcc Min. 


| Vin___| AsAutoSelect Voltage | AveVo HS | 13.0 | OV 


Ag Auto Select Current = Vip Max. LA 
doe: Vec Max. 
VPPL Vpp during Read-Only Note: Erase/Program are Vcc V 
Operations inhibited when Vpp = VppL + 2.0 
VPPH Vpp during Read/Write 11.4 V 
Operations 
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DC CHARACTERISTICS-CMOS COMPATIBLE 
PRELIMINARY 


Parameter 
Symbol Parameter Description Test Conditions 
Input Leakage Current Vcc - Vcc Max., 
Vin = Vecor Vss 


+ 
_ 
© 


I+ 
inal 
a) 


Output Leakage Current Vcc - Vcc Max., 
Vout = Vecor Vss 


Vcc Standby Current Vcc . Vec Max. 
CE=Vcc+0.5V 

Vcc Active Read Current Vcc - Vec Max.,CE = Vir, OE = Vin 
lout = 0 mA, at 6 MHz 

Vcc Programming Current CE=Vut 
Programming in Progress 


Vcc Erase Current CE= Vit 
Erasure in Progress 
ae eee Vpp Standby Current Vpp = VppL 


Vpp Read Current Vpp = VppH 


Vpp Programming Current Vpp = VpPH 
Programming in Progress 


Vpp Erase Current | Vpp= VppH 
Erasure in Progress 


Input Low Voltage 


Input High Voltage 
Output Low Voltage lo. - 5.8 mA 
Vcc - Vec Min. 


loH = -2.5 MA, Vcec.- Vcc Min. 


0.7Vcc Vec 


<2 
oo 
On 


Output High Voltage 


loH = -100 pA, Vcc - Vcc Min. Vcc 


Ag Auto Select Voltage = 


Ag Auto Select Current Ag = Vip Max. 
Vcc - Vec Max. 
VPPL Vpp during Read-Only Note: Erase/ Program are 
Operations inhibited when Vpp = VppL 
VPPH Vpp during Read/Write 
Operations 


> 
© 
Oo 


Vec 


Ny ° a 
© ol © 


pS 


Notes: 

1. Caution: the Am28F256 must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 
2. Icc1 is tested with OE = ViH to simulate open outputs. 

3. Maximum active power usage is the sum of Icc and Ipp. 
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PIN CAPACITANCE 


"Symot’ | Parameter oescrption | TestCondtons 

Symbol Parameter Description Test Conditions Typ. 
| Cw | ImputCapacitance || vw-0 =| 
Cour. | OuipitGanackanca | Novte0 
| Gwe | VertnputCapacitance | Ver=0 =| 8 | 12 


1. Sampled, not 100% tested. 
2. Test conditions Ta = 25°C, f = 1.0 MHz 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified. 
AC CHARACTERISTICS-Read Only Operation (Notes 1— 2) 


PRELIMINARY 


| JEDEC, Standard | Parameter Description 


Se 
tELQV tceE Chip Enable 
Access Time 
tavav tacc Address 
Access Time 
teLav Output Enable 
Access Time 75 75 
tELOX tz Chip Enable to 
Output in Low Z 
Chip Disable to 
Output in High Z 
tGLax Output Enable to 
Output in Low Z 
Output Disable to 
Output in High Z | 
Output Hold from first of 
Address, CE, or OE Change 
Write Recovery us 
Time before Read 
Vcc Set-up Time us 
to Valid Read 


1. Output Load (except Am28F256-95): 1 TTL gate and CL = 100 pF, Input Rise and Fall Times: < 10 ns, Input Pulse levels: 
0.45 to 2.4 V, Timing Measurement Reference Level - Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 


2. The Am28F256-95 Output Load: 1 TTL gate and CL = 30 pF 
Input Rise and Fall Times: < 10 ns 
Input Pulse levels: 0 to 3 V 
Timing Measurement Reference Level: 1.5 V inputs and outputs. 


3. tvcs is guaranteed by design not tested. 
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AC CHARACTERISTICS-Write/Erase/Program Operations (Notes 1-— 4) 


PRELIMINARY 
Parameter 
Symbols 


Write Cycle Time 
Address Set-Up Time 
Address Hold Time 
Data Set-Up Time 
Data Hold Time 

tWHGL Write Recovery Time 
before Read 

tGHWL Read Recovery Time 
before Write 

tELWL tcs Chip Enable 
Set-Up Time 


= 


BBR ie Gs. 


tWHEH tcH Chip Enable 
Hold Time 
ee ee 
tWHWL twPH Write Pulse 
Width HIGH 


—_ 
olo fe > 


Duration of 
Erase Operation 
Chip Enable Set-Up 
Time to Vpp Ramp 
tvPEL Vpp Set-Up Time to 
Chip Enable LOW 
tvcs Vcc Set-Up Time 
to Chip Enable Low 
tvPPR Vpp Rise Time 
90% VPPH 


Vpp Fall Time 
90% VPPL 


1. Read timing characteristics during read/write operations are the same as durng read-only operations. Refer to AC 
Characteristics for Read Only operations. 


2. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines theWrite PulseWidth (within a longer Write-Enable timing waveform) all set-up, hold 
and inactiveWrite-Enable times should be measured relative to the Chip-Enable waveform. 


3. All devices except Am28F256-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 


4. Am28F256-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 
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PRELIMINARY 


Device and 
Power-up, Standby Address Selection 


Add resses XKX eeeh 


Outputs 


Addresses Stable 


tAVAV (tRC) 
CE (E) 
OE (G) 
= tWHGL 
WE (W) tGLav (toe) 
tELav (tcE) 
tGLav (toLz) 
tELQx (tLZ) 
High Z tvcs 
Data (DQ) (KC 
tavav (tacc) 
5.0 V 
Vcc 
0V 


Enabled Valid 


Output Valid 


Standby, Power-down 


AAA 


taxax (tOH) 


)))) aia 


11561-013B 


Figure 5. AC Waveforms for Read Operations 
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fee oy & Set-Up Erase Erase-Verify Erase Standby/ 
Command Erase Command Erasure Command Verification | Power-Down 
mom SKERRY KA KKKKKK KPAX RK 
tavav(twc) —— oe : i tavav(tac) 
CE (E) 
nesting) tenaz(tor) 


7 a 


tWHGL 
teHoz(tor) 


twuwn(twe) terox(toiz) 
town/(tos) | taxox(tox) 
HIGH Z DATA IN oy 
Data (00) f ont ff pany : ‘y 
tecox (tiz) 
tvcs tecov (tce) 


11561-014B 


Figure 6. A.C. Waveforms for Erase Operations 
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Program Command 


ce Veri P Standby/ 
pace ta . pag ke = pees : Se tie Pl Verinoation® pene Down 
SS 
WAVAVA AVAVAVAVAVAV, \/ ee. VAVAVAVAVAAVAV, 
wen RXXXRKEKKEX RK OK AXA 
tavav(twc) tavav(tac) 
i pine 
tavwi(tas) SS 
CE (E) 
teHoz(to 
OE (G) twHwut pe 
tWHGL 
texo2(tor 
WE (W) tarov(toe) 
oy to.z) 
taxax(ton 
Data (DQ) (oun IN oar) vee at 
terox (tiz) 
tecov (tce) 
5.0 V 
a tvPeL 
tenve 
VppH 
Vpp 
VepL 
11561-015B 


Figure 7. A.C. Waveforms for Programming Operations 
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SWITCHING TEST CIRCUIT 


AMD cl 


2.7 kQ 


0+5V 


Diodes = IN3064 
or Equivalent 


11561-012A 


Ci = 100 pF including jig capacitance (30 pF for Am28F256-95) 


SWITCHING TEST WAVEFORMS 


2.4V 


2.0 V 2. 
» TEST POINTS 
0.8 V 


OV 
0.8 V 


0.45 V 
INPUT 


All Devices Except Am28F256-95 


AC Testing: Inputs are driven at 2.4 V fora 
logic “1” and 0.45 V for a logic “0”. Input pulse 
rise and fall times are < 10 ns. 


3V 


1.5 TEST POINTS 1.5 
0V 


INPUT 


OUTPUT 


OUTPUT 


For Am28F256-95 
AC Testing: Inputs are driven at 3.0 V fora 
logic “1” and 0 V for a logic “0”. Input pulse rise 
and fall times are < 10 ns. 


08007-003A 
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ERASE AND PROGRAMMING PERFORMANCE 


3 
Parameter | Min. | Typ. Typ. Comments 
Chip Erase Time 0.5 Excludes 00H programming 
(Note 1) prior to erasure 
Chip Programming Time eek S Excludes system-level overhead 
(Note 1) 


Erase/Program Cycles 


PROBA ORCAS 2 OME | | Cycles a 
PAMPBEOSGASCGIG tics OO | Cycles 


Note: 
1. 25°C, 12V Vpp 


LATCHUP CHARACTERISTICS 


Input Voltage with respect to Vss on all pins except I/O pins 
(Including As and Vpp) 


Input Voltage with respect to Vss on all pins I/O pins vena +1.0V 
=700 mA [+ 100mA 


Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin at a time. 


Am28F256 4-39 


cl 


Am28F512 


65,536 x 8-Bit CMOS Flash Memory 


DISTINCTIVE CHARACTERISTICS 
@ High performance 

~ 90 ns maximum access time 
@ Low power consumption 


— 30 mA maximum active current 
— 100 nA maximum standby current 


“= Compatible with JEDEC-standard 
byte-wide pinouts 
— 32-pin DIP 
~— 32-pin PLCC 

@ 10,000 erase/program cycles 

@ Program and erase voltage 12.0 V +5% 


@ Latch-up protected to 100 mA 
from —1 V to Vcc +1 V 


GENERAL DESCRIPTION 


The Am28F512 is a 512K “Flash” electrically erasable, 
electrically programmable read only memory organized 
as 64K bytes of 8 bits each. The Am28F512 is packaged 
in 32-pin PDIP and PLCC versions which allow for up- 
grades to the 2 Megabit density. The device is also of- 
fered in ceramic DIP and LCC packages. It is designed 
to be reprogrammed and erased in-system or in stan- 
dard EPROM programmers. 


The standard Am28F512 offers access times as fast as 
90 ns, allowing operation of high-speed microproces- 
sors without wait states. To eliminate bus contention, 
the Am28F512 has separate chip enable (CE) and out- 
put enable (OE) controls. 


AMD’s Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F512 uses a command register to manage this 
functionality, while maintaining a standard 32-pin 
pinout. The command register allows for 100% TTL 
level control inputs and fixed power supply levels during 
erase and programming, while maintaining maximum 
EPROM compatibility. 


AMD's Flash technology reliably stores memory con- 
tents even after 10,000 erase and program cycles. The 
AMD cell is designed to optimize the erase and pro- 
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal elec- 
tric fields for erase and programming operations pro- 
duces reliable cycling. The Am28F512 uses a 
12.0V+5% Vpp supply to perform the Flasherase and 
Flashrite algorithms. 


The highest degree of latch-up protection is achieved 
with AMD’s proprietary non-epi process. Latch-up pro- 
tection is provided for stresses up to 100 milliamps on 
_address and data pins from —1 V to Vcc+1 V. 
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Advanced 
Micro 
Devices 


@ Flasherase™ Electrical Bulk Chip-Erase 
— One second typical chip-erase 

@ Flashrite™ Programming 
— 10 us typical byte-program 
— Less than 1 second typical chip program 


= Command register architecture for 
microprocessor/microcontroller compatible 
write interface 


@ On-chip address and data latches 


= Advanced CMOS flash memory technology 
— Low cost single transistor memory cell 


The Am28F512 is byte programmable using 10 us pro- 
gramming pulses in accordance with AMD’s Flashrite 
programming algorithm. The typical room temperature 
programming time of the Am28F512 is less than one 
second. The entire chip is bulk erased using 10ms erase 
pulses according to AMD’s Flasherase algorithm. Typi- 
cal erasure at room temperature is accomplished in less 
than one second. The windowed package and the 
15-20 minutes required for EPROM erasure using ultra- 
violet light are eliminated. 


Commands are written to the command register using 
standard microprocessor write timings. Register con- 
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad- 
dress and data needed for the programming and erase 
operations. For system design simplification, the 
Am28F512 is designed to support either WE or CE con- 
trolled writes. During a system write cycle, addresses 
are latched on the falling edge of WE or CE whichever 
occurs last. Data is latched on the rising edge of WE or 
CE whichever occurs first. To simplify the following dis- 
cussion, the WE pin is used as the write cycle control pin 
throughout the rest of this text. All setup and hold times 
are with respect to the WE signal. 


AMD’s Flash technology combines years of EPROM 
and E?PROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F512 electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are pro- 
grammed one byte at a time using the EPROM program- 
ming mechanism of hot electron injection. 


Publication# 11561 Rev. C 
Issue Date: March 1991 


Amendment/0 


AMD & PRELIMINARY 
BLOCK DIAGRAM 


DQo—DQ7 
io i 
’ oon Input/Output 
a LZ 
To Arra 


Control 


Command 
Register 


Program 


Voltage Chip Enable 
Switch Output Enable 


a 
Os 
a K 


CE 
OE 
Ao-A15 524,288 Bit 
Cell Matrix 
11561-001B 
PRODUCT SELECTOR GUIDE 


Family Part No. 


Ordering part No: 
+ 10% Vcc Tolerance 


+ 5% Vcc Tolerance 


Max Access Time (ns 


CE (E) Access (ns) 


OE (G) Access (ns) 
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CONNECTION DIAGRAMS 
DIP PLCC* 


11561-003B 


11561-002B 


Note: Pin 1 is marked for orientation. 
* Also available in LCC. 


LOGIC SYMBOL 


11561-004A 
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ORDERING INFORMATION 


Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 


is formed by a combination of: 


AM28F512 -95 


a. DEVICE NUMBER/DESCRIPTION 


a. Device Number 

b. Speed Option 

c. Reprogram Cycles 
d. Package Type 

e. Temperature Range 
f. Optional Processing 


Am28F512 


512K (64K x 8-Bit) CMOS Flash Memory 


Valid Combinations 


AM28F512-95 
AM28F512-90 


AM28F512-120 
AM28F512-150 
AM28F512-200 


C4PCB, C4JCB, C4PC, 
C4JC, C3PC, C3JC, 
C3PCB, C3JCB 


C4PC, C4PI, C4JC, 


C4PCB, C4PIB, C4JCB, 
C4JIB, C4PE, C4PEB, 
C4JE, C4JEB, C4JI, 
C3PC, C3PI, C3PCB, 
C3PIB, C3JCB, C3JIB, 
C3PE, C3PEB, C3JE, 
C3JEB, C3JC, C3uJl 


Am28F512 


C4. J Cc B 
ee. f. OPTIONAL PROCESSING | 
Blank = Standard processing 
B = Burn-in 
e. TEMPERATURE RANGE 
C= Commercial (0 to +70°C) 
| = Industrial (-40 to + 85°C) 
E= Extended (-55 to + 125°C) 
d. PACKAGE TYPE 
P= 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 
c. REPROGRAM CYCLES (10%) 
C4 = 10,000 cycles minimum 
C3 = 1,000 cycles minimum 
b. SPEED OPTION 


See Product Selector Guide and 
Valid Combinations 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combina- 
tion) is formed by a combination of: a. Device Number 

b. Speed Option 

c. Reprogram cycles 

d. Device Class 

e. Package Type 

f. Lead Finish 


AM28F512 = -120 C4 /B 


a 
sii cS f. LEAD FINISH 


A = Hot Solder Dip 


e. PACKAGE TYPE 
X= 32-Pin Ceramic DIP (CD 032) 
U= 32-Pin Rectangular Ceramic 
Leadless Chip Carrier (CLR 032) 


d. DEVICE CLASS 
/B =Class B 


c. REPROGRAM CYCLES (10%) 
C4 = 10,000 cycles minimum 
C3 = 1,000 cycles minimum 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am28F512 
512K (64K x 8-Bit) CMOS Flash Memory 


[Valid Combinations i pas gions 

Yald Combinations Valid Combinations list configurations planned to 
AM28F512-120 be supported in volume for this device. Consult 
AM28F512-150 C4/BXA, C4/BUA the local AMD sales office to confirm availability of 
AM28F512-200 C3/BXA, C3/BUA specific valid combinations and to check on newly 


released combinations. 


Group A Tests 


Group A tests consist of Subgroups 
Ty As ts Be 
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PIN DESCRIPTION 
Ao — Ais 


Address Inputs for memory locations. Internal latches 
hold addresses during write cycles. 


DQo— DQ 


Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


CE (E) 
The Chip Enable active low input activates the 
chip’scontrol logic and input buffers. Chip Enable high 


will deselect the device and operates the chip in stand- 
by mode. 


OE (G) 
The Output Enable active low input gates the outputs of 


the device through the data buffers during memory read 
cycles. 


WE (W) 

The Write Enable active low input controls the write 
function of the command register to the memory array. 
The target address is latched on the falling edge of the 


Write Enable pulse and the appropriate data is latched 
on the rising edge of the pulse. 


PRELIMINARY 


Vpp 


Power supply for erase and programming. Vpp must be 
at high voltage in order to write to the command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can- 
not be altered when Vpp < Vcc +2V. 


Vec 
Power supply for device operation. (5.0V +5% or 10%) 


Vss 
Ground 


NC 


No Connect-corresponding pin is not connected inter- 
nally to the die. 
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BASIC PRINCIPLES 


The Am28F512 uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram- 
ming operations use a fixed 12.0V + 5% power supply. 


Read Only Memory 


Without high Vpp voltage, the Am28F512 functions as a 
read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 


Command Register 


The command register is enabled only when high volt- 
age is applied to the Vpp pin. The erase and reprogram- 
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 


The Am28F512’s command register is written using 
Standard microprocessor write timings. The register 
controls an internal state machine that manages all de- 
vice operations. For system design simplification, the 
Am28F512 is designed to support either WE or CE 
controlled writes. During a system write cycle, ad- 
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CEwhichever occur first. To simplify the follow- 
ing discussion, the WE pin is used as the write cycle con- 
trol pin throughout the rest of this text. All setup and hold 
times are with respect to the WE signal. 


Overview of Erase/Program Operations 
Erase Sequence 


A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and re- 
peated one cycle verify commands). 


Note: 

The Flash memory array must be completely pro- 
grammed prior to erasure. Refer to the Flasherase 
Algorithm. 


1. Set-up Erase: Write the Set-up Erase command to 
the command register. 


2. Erase: Write the Erase command (same as Set-up 
Erase command) to the command register again. 


AMD &\ 


The second command initiates the erase operation. 
The system software routines must now time-out the 
erase pulse width (10 ms) prior to issuing the Erase- 
verify command. 


3. Erase-verify: Write the Erase-verify command to 
the command register. This command terminates 
the erase operation. After the erase operation, each 
byte of the array must be verified. Address informa- 
tion must be supplied with the Erase-verify com- 
mand. This command verifies the margin and 
outputs the addressed byte in order to compare the 
array data with FFH data (Byte erased). After suc- 
cessful data verification the Erase-verify command 
is written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 


lf data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is suc- 
cessfully verified or the sequence is repeated 1000 
times. 


Programming Sequence 


A three step command sequence (a two-cycle Program 
command and one cycle Verify command) is required to 
program a byte of the Flash array. Refer to the Flashrite 
Algorithm. 


1. Set-up Program: Write the Set-up Program com- 
mand to the command register. 


2. Program: Write the Program command to the com- 
mand register with the appropriate Address and 
Data. The system software routines must now time- 
out the program pulse width (10 us) prior to issuing 
the Program-verify command. 


3. Program-verify: Write the Program-verify com- 
mand to the command register. This command ter- 
minates the programming operation. In addition, this 
command verifies the margin and outputs the byte 
just programmed in order to compare the array data 
with the original data programmed. After successful 
data verification, the programming sequence is initi- 
ated again for the next byte address to be pro- 
grammed. 


If data is not verified, the Program sequence is repeated 
until a successful comparison is verified or the se- 
quence is repeated 25 times. 
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FUNCTIONAL DESCRIPTION | 
Description Of User Modes 


Table 1. Am28F512 User Bus Operations 


Vpp 
operation | | | OP [owen] mw | me | v0 


Saag ce et eT Ven Re eee 


Auto-select Manufacturer Vit Vit Vin VPPL Vit Vip CODE 
Code (Note 2) (Note 3)} (01H) 
Auto-select Device Code Vit Vit VIH VPPL ViH Vip CODE 
(Note 2) 3 (Note 3)} (25H) 
Read Vit Vit VIH VPPH Ao Ag Dout 
(Note 4) 


Read/Write 


Write Vit VIH Vit VPPH Ao Ag Din 
(Note 6) 
Legend: 


X = Don’t care, where Don't Care is either Vit or ViH levels, VppL = Vpp < Vcc + 2V, See DC Characteristics for voltage lev- 
els of VPPH, OV < An <Vcc + 2V, (normal TTL or CMOS input levels, where n = 0 or 9). 


Notes: 


1. VppL may be grounded, connected with a resistor to ground, or < Vcc +2.0V. VPPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When Vpp = VppL, memory contents can be read but not written or erased. 


Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 
11.5 < Vip < 13.0V 
Read operation with Vpp = VpPH may access array data or the Auto select codes. 


, Read-Only 


With Vpp at high voltage, the standby current is Icc + Ipp (standby). 


Refer to Table 3 for valid Din during a write operation. 


De ae 


All inputs are Don’t Care unless otherwise stated, where Don’t Care is either Vit or ViH levels. In the Auto select mode all 
addresses except Ag and Ao must be held at VIL. 
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READ ONLY MODE 

Veep < Vcc +2V 

Command Register Inactive 
Read 


The Am28F512 functions as a read only memory when 
Vee < Vcc +2 V. The Am28F512 has two control func- 
tions. Both must be satisfied in order to output data. CE 
controls power to the device. This pin should be used for 
specific device selection. OEcontrols the device outputs 
and should be used to gate data to the output pins if a 
device is selected. 


Address access time tacc is equal to the delay from sta- 
ble addresses to valid output data. The chip enable ac- 
cess time tce is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en- 
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable at least tacc — toe). 


Standby Mode 

The Am28F512 has two standby modes. The CMOS 
standby mode (CE input held at Vcc + 0.5 V), con- 
sumes less than 100 pA of current. TTL standby mode 
(CE is held at Vin) reduces the current requirements to 
less than 1 mA. When in the standby mode the outputs 
are in a high impedance state, independent of the OE 
input. 


If the device is deselected during erasure, program- 
ming, or progranverase verification, the device will draw 
active current until the operation is terminated. 


Output Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im- 
pedance state. 
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Auto Select 


Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto- 
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire gs range of the 
device. 


Programming In A Prom Programmer 


To activate this mode, the programming equipment 
must force Vip (11.5 V to 13.0 V) on address As. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from Vit to Vin. All other 
address lines must be held at Vi_, and Vep must be less 
than or equal to Vcc + 2.0 V while using this Auto select 
mode. Byte 0 (Ao = Vi_) represents the manufacturer 
code and byte 1 (Ao = Vin) the device identifier code. For 
the Am28F512 these two bytes are given in the table be- 
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (DQ7) defined as the 
parity bit. 


(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program- 
ming the Flash memory device in-system). 


Table 2. Am28F512 Auto Select Code 


Manufacturer /ManufacturerCode ane 


Code 
La ne 4 


genoa 5 ae aC BC a Oe Ae i a 


4-48 Am28F512 


amp ot 
ERASE, PROGRAM, AND READ MODE 


Vpp = 12.0 V + 5% 
Command Register Active 
Write Operations 


High voltage must be applied to the Vpp pin in order to 
activate the command register. Data written to the regis- 
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 


The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to Vit, while OE is at Vin. Ad- 
dresses are latched on the falling edge of WE, while data 
is latched on the rising edge of the WE pulse. Standard 
microprocessor write timings are used. 


Register bits R7— Ro correspond to the data inputs DQ7 
— DQo (Refer to Table 3). Register bits R7— Rs store the 
command data. All register bits Ra to Ro must be zero. 
The only exceptions are: the reset command, when FFH 
is written to the register and Auto select, when 90H or 
80H is written to the register. 


The device requires the OE pinto be Vin for write opera- 
tions. This condition eliminates the possibility for bus 
contention during programming operations. In order to 
write, OE must be Vin, and CEand WE must be Vi. If any 
pin is not in the correct state a write command will not be 
executed. 
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Refer to AC Write Characteristics and the Erase/Pro- 
gramming Waveforms for specific timing parameters. 


Command Definitions 


The contents of the command register default to OOH 
(Read Mode) in the absence of high voltage applied to 
the Vpp pin. The device operates as a read only mem- 
ory. High voltage on the Vpp pin enables the command 
register. Device operations are selected by writing spe- 
cific data codes into the command register. Table 4 de- 
fines these register commands. 


Read Command 


Memory contents can be accessed via the read com- 
mand when Vpp is high. To read from the device, write 
OOH into the command register. Wait 6 us before read- 
ing the first accessed address location. All subsequent 
Read operations take tacc. Standard microprocessor 
read cycles access data from the memory. The device 
will remain in the read mode until the command register 
contents are altered. 


The command register defaults to OOH (read mode) 
upon Vpp power-up. The 00H (Read Mode) register de- 
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the Vpp power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 


Table 3. Command Register 


|Datainput/Output_ ss SS—S—C*LCSCé@Q | DQG | _DQs| DQs| DQ] DQ | DA: | DQ 
|CommandRegister ss —C*iL:C#R’_—*«||sSRw’_: | RS | Re | Ro | Re | Rr | Ro 
* Notes: 


1. See Table 4 Am28F512 Command Definitions 
2. X = Appropriate Data or Register Commands 
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Table 4. Am28F512 Command Definitions 


ee es er ee 
(Note 1) (Note 2) | (Note 3) (Note 1) (Note 2) (Note a: anne 
|Read Memory (Notes 6,7)| Write | Xs | OOH/FFH_ | Read =| RA 

[Read Autoselect | Write | Xs | 80H or 90H| Read | OOH/O1H__|_-01H/25H | 


Set-up Erase/Erase Write X 20H Write 20H 
(Note 4) 

Erase-Verify (Note 4) 
Set-up Program/Program | Write X 40H Write 

(Note 5) 

Program-Verty (Note 5) 
Reset (Note 7) 


Notes: 
1. Bus operations are defined in Table 1. 
2. RA = Address of the memory location to be read. 


EA = Address of the memory location to be read during erase-verify. 


PA = Address of the memory location to be programmed. 


Addresses are latched on the falling edge of the WE pulse. 


3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 


PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 
PVD = Data read from location PA during program-verify. PA is latched on the Program command. 


4. Figure 1 illustrates the Flasherase Electrical Erase Algorithm. 


5. Figure 2 illustrates the Flashrite Programming Algorithm. 


6. Wait 6 ps after first Read command before accessing the data. When the second bus command is a Read command, all 


subsequent Read operations take tAcc. 
7. Please refer to Reset Command section on page 5-47. 


Erase Sequence 
Set-up Erase/Erase Commands 


Set-up Erase 


Set-up Erase is the first of a two-cycle erase command. 
It is a command-only operation that stages the device 
for bulk chip erase. The array contents are not altered 
with this command. 20H is written to the command reg- 
ister in order to perform the Set-up Erase operation. 


Erase 


The second two-cycle erase command initiates the bulk 
erase operation. You must write the Erase command 
(20H) again to the register. The erase operation begins 
with the rising edge of the WE pulse. The erase opera- 
tion must be terminated by writing a new command 
(Erase-verify) to the register. 


This two step sequence of the Set-up and Erase com- 
mands helps to ensure that memory contents are not ac- 
cidentally erased. Also, chip erasure can only occur 
when high voltage is applied to the Vpp pin and all control 
pins are in their proper state. In absence of this high volt- 
age, memory contents cannot be altered. Refer to AC 
Erase Characteristics and Waveforms for specific tim- 
ing parameters. 


Note: 

The Flash memory device must be fully programmed to 
OOH data prior to erasure. This equalizes the charge on 
all memory cells ensuring reliable erasure. 


Erase-verify Command 


The erase operation erases all bytes of the array in par- 
allel. After the erase operation, all bytes must be se- 
quentially verified. The Erase-verify operation is 
initiated by writing AOH to the register. The byte address 
to be verified must be supplied with the command. Ad- 
dresses are latched on the falling edge of the WE pulse. 
The rising edge of the WE pulse terminates the erase 
operation. 


Margin Verify 


During the Erase-verify operation, the Am28F512 ap- 
plies an internally generated margin voltage to the ad- 
dressed byte. Reading FFH from the addressed byte 
indicates that all bits in the byte are properly erased. 


Verify Next Address 


You must write the Erase-verify command with the ap- 
propriate address to the register prior to verification of 
each address. Each new address is latched on the fall- 
ing edge of WE. The process continues for each byte in 
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the memory array until a byte does not return FFH data 
or all the bytes in the array are accessed and verified. 


If an address is not verified to FFH data, the entire chip is 
erased again (refer to Set-up Erase/Erase). Erase verifi- 
cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. At 
this point, the verification operation is terminated by 
writing a valid command (e.g. Program set-up) to the 
command register. Figure 1 and Table 5, the Flasherase 
electrical erase algorithm, illustrate how commands and 
bus operations are combined to perform electrical era- 


YES 
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sure. Referto AC Erase Characteristics and Waveforms 
for specific timing parameters. 


Note: 

The erase-verify command must be written to the regis- 
ter in order to terminate the erase operation. During the 
erase operations, the local microprocessor must be 
dedicated to run software timing routines (erase in 
10ms) as specified in AMD’s Flasherase algorithm. 


Should a system interrupt occur during an erase opera- 
tion, always write the Erase-verify command prior to 
executing an interrupt sequence. 


Program All Bytes to OOH 


Data = OOH 
ae : 


PLSCNT =0 
Write Erase Set-up Command 


1000 PLSCNT 
YES 
Apply Vee. 


Read Data from Device 


Last Address 


Time out 6uS 


Data = FFH 


Increment Address 


YES 


Write Reset Command 


Erasure Completed 


11561-005C 


Figure 1. Flasherase Electrical Erase Algorithm 
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Flasherase Electrical Erase Algorithm 

This Flash memory device erases the entire array in par- 
allel. The erase time depends on Vpp, temperature, and 
number of erase/program cycles on the device. In gen- 
eral, reprogramming time increases as the number of 
erase/program cycles increases. 


The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the array. Erasure begins with a read of the mem- 
ory contents. The Am28F512 is erased when shipped 
from the factory. Reading FFH data from the device 
would immediately be followed by executing the Flash- 
rite programming algorithm with the appropriate data 
pattern. 


Should the device be currently programmed, data other 
than FFH will be returned from address locations. Fol- 
low the Flasherase algorithm. Uniform and reliable era- 
sure is ensured by first programming all bits in the 
device to their charged state (Data = 00H). This is ac- 
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complished using the Flashrite programming algorithm. 
Erasure then continues with an initial erase operation. 
Erase verification (Data = FFH) begins at address 
0000H and continues through the array to the last ad- 
dress, or until data other than FFH is encountered. If a 
byte fails to verify, the device is erased again. With each 
erase operation, an increasing number of bytes verify to 
the erased state. Typically, devices are erased in less 
than 100 pulses (1 second). Erase efficiency may be im- 
proved by storing the address of the last byte that fails to 
verify in a register. Following the next erase operation, 
verification may start at the stored address location. A 
total of 1000 erase operations are allowed per 
reprogram cycle, which corresponds to approximately 
10 seconds of cumulative erase time. Erasure typically 
occurs in one second. The entire sequence of erase and 
byte verification is performed with high voltage applied 
to the Vpp pin. Figure 1 illustrates the electrical erase 
algorithm. 


Table 5. Flasherase Electrical Erase Algorithm 


= oes 


Write Erase 


Write Erase-verify (Note 2) 


Bus Operations | Command | Comments 


Entire memory must = 00H before erasure (Note 3) 
Note: Use Flashrite programming algorithm (Figure 2) for 
programming. 
Wait for Vep ramp to VppxH (Note 1) 
Initialize: 

Addresses 

PLSCNT (Pulse count) 


Set-Up Erase Data = 20H 
Data = 20H 
Standby ore eo ae Duration of Erase Operation (twHwx2) 


Address = Byte to Verify 
Data = AOH 
Stops Erase Operation 


[Standby | ~—SSSSSSCC*dé;Wte Recovery Time before Read= Gus 

a ee eee oemen 

i. SS ——S- —iaie a eames 
Increment pulse count 

[Write sd Reset Data=FFH, reset the register for read operations. 

ery | Walt tor Ver ramp Wie (Niet | 


Notes: 
1. See DC Characteristics for value of VpPH or VppL. The Vpp power supply can be hard-wired to the device or switchable. 
When Vpp is switched, VppL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0V. 


2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 
written with the read command. 


3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 
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A B C D E F G 
Bus Cycle Write Write Time Write Time Read Stand by 
-out -out 
Command N/A AOH N/A Compare N/A 
Data 
Function Set-up Erase | Erase- 
Erase (10ms)| verify 


D E F G 


11561-006A 


Transition 
(6s) 


Stand by & 


verification | Vcc Power 
down 


Figure 2. A.C. Waveforms For Erase Operations 


Analysis Of Erase Timing Waveform 


Note: 

This analysis does not include the requirement to pro- 
gram the entire array to OOH data prior to erasure. Refer 
to the Flasherase algorithm. 


Set-up Erase/Erase 


This analysis illustrates the use of two-cycle erase com- 
mands (section A&B). The first erase command (20H) is 
a set-up command and does not affect the array data 
(section A). The second erase command (20H) initiates 
the erase operation (section B) on the rising edge of this 
WE pulse. All bytes of the memory array are erased in 
parallel. No address information is required. 


The erase pulse occurs in section C. 


Time-out 

A software timing routine (10 ms duration) must be initi- 
ated on the rising edge of the WE pulse of section B. 
Erase-verify 


Upon completion of the erase software timing routine, 
the microprocessor must write the Erase-verify com- 
mand (AOH). This command terminates the erase op- 
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eration on the rising edge of the WE pulse (section D). 
The Erase-verify command also stages the device for 
data verification (section F). 


After each erase operation each byte must be verified. 
The byte address to be verified must be supplied with 
the Erase-verify command (section D). Addresses are 
latched on the falling edge of the WE pulse. 


Another software timing routine (6 ts duration) must be 
executed to allow for generation of internal voltages for 
margin checking and read operation (section E). 


During Erase-verification (section F) each address that 
returns FFH data is successfully erased. Each address 
of the array is sequentially verified in this manner by re- 
peating sections D thru F until the entire array is verified 
or an address fails to verify. Should an address location 
fail to verify to FFH data, erase the device again. Repeat 
sections A thru F. Resume verification (section D) with 
the failed address. 


Each data change sequence allows the device to use up 
to 1,000 erase pulses to completely erase. Typically 100 
erase pulses are required. 
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Notes: 

1. All address locations must be programmed to 00H 
prior to erase. This equalizes the charge on all memory 
cells and ensures reliable erasure. 


2. The erase verify command must be written to termi- 
nate the erase operation. Should a system interrupt oc- 
cur during an erase operation, always write the 
erase-verify command prior to executing an interrupt se- 
quence. 


Programming Sequence 
Set-up Program/Program Command 


Set-up Program 

The Am28F512 is programmed byte by byte. Bytes may 
be programmed sequentially or at random. Set-up Pro- 
gram is the first of a two-cycle program command. It 
stages the device for byte programming. The Set-up 
Program operation is performed by writing 40H to the 
command register. 


Program 


Only after the program set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for pro- 
gramming must be available on the second WE pulse. 
Addresses and data are internally latched on the falling 
and rising edge of the WE pulse respectively. The rising 
edge of WE also begins the programming operation. 
You must write the Program-verify command to termi- 
nate the programming operation. This two step se- 
quence of the Set-up and Program commands helps to 
ensure that memory contents are not accidentally writ- 
ten. Also, programming can only occur when high volt- 
age is applied to the Vpp pin and all control pins are in 
their proper state. In absence of this high voltage, mem- 
ory contents cannot be programmed. 


Refer to AC Characteristics and Waveforms for specific 
timing parameters. 
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Program Verify Command 


Following each programming operation, the byte just 
programmed must be verified. 


Write COH into the command register in order to initiate 
the Program-verify operation. The rising edge of this WE 
pulse terminates the programming operation. The Pro- 
gram-verify operation stages the device for verification 
of the last byte programmed. Addresses were previ- 
ously latched. No new information is required. 


Margin Verify 


During the Program-verify operation, the Am28F512 ap- 
plies an internally generated margin voltage to the ad- 
dressed byte. A normal microprocessor read cycle 
outputs the data. A successful comparison between the 
programmed byte and the true data indicates that the 
byte was successfully programmed. The original pro- 
grammed data should be stored for comparison. Pro- 
gramming then proceeds to the next desired byte 
location. Should the byte fail to verify, reprogram (refer 
to Set-up Program/Program). Figure 3 and Table 6 indi- 
cate how instructions are combined with the bus opera- 
tions to perform byte programming. Refer to AC 
Programming Characteristics and Waveforms for spe- 
Cific timing parameters. 


Flashrite Programming Algorithm 


The Am28F512 Flashrite programming algorithm em- 
ploys an interactive closed loop flow to program data 
byte by byte. Bytes may be programmed sequentially or 
at random. The Flashrite programming algorithm uses 
10 microsecond programming pulses. Each operation is 
followed by a byte verification to determine when the ad- 
dressed byte has been successfully programmed. The 
program algorithm allows for up to 25 programming op- 
erations per byte per reprogramming cycle. Most bytes 
verify after the first or second pulse. The entire se- 
quence of programming and byte verification is per- 
formed with high voltage applied to the Vpp pin. Figure 3 
and Table 6 illustrate the programming algorithm. 
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Write Set-up Program Command 


Write Program Command (A/D) 
Time out 10ps 


Write Program-Verify Command 


Time out 6uS 


Read Data from Device 


x» NO 
NO 
Verify Byte Increment PLSCNT 
YES YES 


YES 


Write Reset Command 
Apply Veet _ Apply Ver. 
Programming Completed Device Failed 


Increment Address 


11561-007A 


Figure 3. Flashrite Programming Algorithm 


Table 6. Flashrite Programming Algorithm 


Bus Operations | Command | Comments 


a 
Initialize pulse counter 

Stnbaliely 6318 So con i ie Seba le oie tones Duration of Programming Operation (twHwH1) 

[Standby | Write Recovery Time before Read=6us 
I epee a | ne ele to vediy plogtaipwaing © 8279 cc a 
‘Standby | Cs Compare data outputtodataexpected 
Write | Reset Data = FFH, resets the register forread operations. 
[Standby | | Waitfor Vep ramp to Ven (Nolet) 


Notes: 
1. See DC Characteristics for value of VpPH. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 
switched, VppL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0V. 


2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 
register is written with the read command. 
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Section A B 


B 


Bus Cycle 


s 


Program 
Address, 


Program 


Function Set-up 
Program Command 
Latch Address 
& Data 


Figure 4. A.C. Waveforms for Programming Operations 


Analysis Of Program Timing Waveforms 


Set-up Program/Program 


Two-cycle write commands are required for program 
operations (section A&B). The first program command 
(40H) is aset-up command and does not affect the array 
data (section A). The second program command 
latches address and data required for programming on 
the falling and rising edge of WE respectively (section 
B). The rising edge of this WE pulse (section B) also initi- 
ates the programming pulse. The device is programmed 
on a byte by byte basis either sequentially or randomly. 


The program pulse occurs in section C. 


Time-out 


A software timing routine (10 ys duration) must be initi- 
ated on the rising edge of the WE pulse of section B. 


Program-verify 


Upon completion of the program timing routine, the mi- 
croprocessor must write the program-verify command 


Write Time Write Time Read 
-out -out 
N/A COH N/A 
(Stops 
Program) 


Program| Program {Transition} Program 
(10 ps) 


Program Data 


11561-008A 
G 
Stand by 


Stand by & 
verification | Vcc Power 
down 


C D E s 


(COH). This command terminates the programming op- 
eration on the rising edge of the WE pulse (section D). 
The program-verify command also stages the device for 
data verification (section F). Another software timing 
routine (6 us duration) must be executed to allow for 
generation of internal voltages for margin checking and 
read operations (section E). 


During program-verification (section F) each byte just 
programmed is read to compare array data with original 
program data. When successfully verified, the next de- ' 
sired address is programmed. Should a byte fail to ver- 
ify, reprogram the byte (repeat section A thru F). Each 
data change sequence allows the device to use up to 25 
program pulses per byte. Typically, bytes are verified 
within one or two pulses. 


Note: 

The program-verify operation must be written to termi- 
nate the programming operation. Should a system 
interrupt occur during a programming operation, always 
write the program-verify command prior to executing an 
interrupt sequence. 
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Algorithm Timing Delays 


There are four different timing delays associated with 
the Flasherase and Flashrite algorithms: 


1. The first delay is associated with the Vpp rise-time 
when Vpp first turns on. The capacitors on the Vpp 
bus cause an RC ramp. After switching on the Vpp, 
the delay required is proportional to the number of 
devices being erased and the 0.1 uF/device. Vpp 
must reach its final value 100ns before commands 
are executed. 


2. The second delay time is the erase time pulse width 
(10 ms). A software timing routine should be run by 
the local microprocessor to time out the delay. The 
erase operation must be terminated at the conclu- 
sion of the timing routine or prior to executing any 
system interrupts that may occur during the erase 
operation. To ensure proper device operation, write 
the Erase-verify operation after each pulse, or the 
device may continue to erase until the memory cells 
are driven into depletion (over-erasure). Should this 
happen the internal circuitry will no longer select 
unique addresses. A symptom of over-erasure is an 
error attempting to program the next time. Occasion- 
ally it is possible to recover over-erased devices by 
programming all of the locations with 00H data. 


3. A third delay time is required for each programming 
pulse width (10 us). The programming algorithm is 
interactive and verifies each byte after a program 
pulse. The program operation must be terminated at 
the conclusion of the timing routine or prior to execut- 
ing any system interrupts that may occur during the 
programming operation. 


4. A fourth timing delay associated with both the 
Flasherase and Flashrite algorithms is the write re- 
covery time (6 ps). During this time internal circuitry 
is changing voltage levels from the erase/ program 
level to those used for margin verify and read opera- 
tions. An attempt to read the device during this pe- 
riod will result in possible false data (it may appear 
the device is not properly erased or programmed). 


Note: 

Software timing routines should be written in machine 
language for each of the delays. Code written in ma- 
chine language requires knowledge of the appropriate 
microprocessor clock speed in order to accurately time 
each delay. 


Parallel Device Erasure 


Many applications will use more than one Flash memory 
device. Total erase time may be minimized by imple- 
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menting a parallel erase algorithm. Flash memories 
may erase at different rates. Therefore each device 
must be verified seperately. When a device is com- 
pletely erased and verified use a masking code to pre- 
vent further erasure. The other devices will continue to 
erase until verified. The masking code applied could be 
the read command (00H). 


Power-up Sequence 
Vcc Prior to Vpp 


The Am28F512 powers-up in the Read only mode. In 
addition, memory contents may only be altered after 
successful completion of a two step command 
sequence. 


Vpp Prior to Vcc 


When Vcc = 0 V, the Vpp voltage is internally disabled 
from the device. Memory contents cannot be altered. 
With Vpp = 12 V, the Flash device resets to the Read 
mode when Vcc rises above 2 V. 


Power supply sequencing is not required. 


Reset Command 


The Reset command initializes the Flash memory de- 
vice to the Read mode. In addition, it also provides the 
user with a safe method to abort any device operation 
(including program or erase). 


The Reset command must be written two consecutive 
times after the set-up Program command (40H). This 
will reset the device to the Read mode. 


Following any other Flash command, write the Reset 
command once to the device. This will safely abort any 
previous operation and initialize the device to the Read 
mode. 


The set-up Program command (40H) is the only com- 
mand that requires a two sequence reset cycle. The first 
Reset command is interpreted as program data. How- 
ever, FFH data is considered null data during program- 
ming operations (memory cells are only programmed 
from a logical “1” to “O”). The second Reset command 
safely aborts the programming operation and resets the 
device the Read mode. 


Memory contents are not altered in any case. 
This detailed information is for your reference. It may 
prove easier to always issue the Reset command two 


consecutive times. This eliminates the need to deter- 
mine if you are in the set-up Program state or not. 
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Auto Select Command 


Flash memories can be programmed in-system or ina 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


Programming In-system 


AMD’s Flash memories are designed for use in applica- 
tions where the local CPU alters memory contents. Ac- 
cordingly, manufacturer and device codes must be 
accessible while the device resides in the target system. 
PROM programmers typically access the signature 


codes by raising Ag to a high voltage. However, multi- 
plexing high voltage onto address lines is not a generally 
desired system design practice. 


The Am28F512 contains an Auto Select operation to 
supplement traditional PROM programming methodol- 
ogy. The operation is initiated by writing 80H or 90H into 
the command register. Following this command, a read 
cycle address 0000H retrieves the manufacturer code of 
01H. A read cycle from address 0001H returns the de- 
vice code 25H (See Table 2). To terminate the opera- 
tion, it is necessary to write another valid command into 
the register (See Table 3). 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 


Ceramic Packages — 65°C to +150°C 
Plastic Packages — 65°C to +125°C 
Ambient Temperature 

with Power Applied — 55°C to + 125°C 
Voltage with Respect To Ground 

All pins except Ao and Vep(Note 1) -2.0Vto7.0V 
Vcc (Note 1) -2.0Vto7.0V 
Ag (Note 2) -—2.0 V to 14.0 V 
Vpp (Note 2) - 2.0 V to 14.0 V 
Output Short Circuit Current (Note 3) 200 mA 
Notes: 


1. . Minimum DC voltage on input or I/O pins is—0.5 V. During 
voltage transitions, inputs may overshoot Vss to —2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 
and I/O pins is Vcc + 0.5 V. During voltage transitions, 
outputs may overshoot to Vcc + 2.0 V for periods up to 
20 ns. 


2. Minimum DC input voltage on Ag and Vpp pins is —0.5V. 
During voltage transitions, Ag and Vpp may overshoot 
Vss to -2.0 V for periods of up to 20 ns. Maximum DC in- 


put voltage on Ag and Vpp is +13.5 V which may over- 
shoot to 14.0 V for periods up to 20 ns. 


3. No more than one output shorted at a time. Duration of 
the short circuit should not be greater than one second. 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 
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OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) 0°C to +70°C 
industrial (1) Devices 

Case Temperature (Tc) — 40°C to +85°C 
Extended (E) Devices 

Case Temperature (Tc) — 55°C to +125°C 
Military (M) Devices 

Case Temperature (Tc) — 55°C to +125°C 
Vcc Supply Voitages 

Vec for Am28F512-X5 + 4.75 V to +5.25 V 

Vcc for Am28F512-—XX0 + 4.50 V to +5.50 V 
Vpp Supply Voltages 

Read — 0.5 Vto +12.6 V 


Program, Erase, and Verify +11.4Vto+12.6V 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 


20 nS 20 nS 


+.8V 
-5V 


20 nS 
11561-009A 
Maximum Negative Overshoot Waveform 
Maximum Positive Input Overshoot 
20 nS 
Voc + 2.0 V 
Voc +0.5 V 
2.0 V 
20 nS 20 nS 
11561-010A 
Maximum Positive Overshoot Waveform 
Maximum Vpp Overshoot 
20 nS 
14.0 V 
13.5 V 
Voc +0.5V 
20 nS 20 nS 
11561-011A 


Maximum Vpp Overshoot Waveform 
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DC CHARACTERISTICS over operating range unless otherwise specified (for APL Prod- 
ucts, Group A, Subgroups 1, 2, 3, 7 and 8 are tested unless otherwise noted). 
(Notes 1-3 


DC CHARACTERISTICS-TTL/NMOS COMPATIBLE 


PRELIMINARY 


Parameter 
— Parameter Description - Test Conditions 
Input Leakage Current Vcc « Vcc Max., + 1.0 
Vin = Vecor Vss | 
ILo Output Leakage Current Vcc . Vec Max... +1.0 | pA 
Vout = Vcc or Vss 
Iccs Vec Standby Current Vcc - Vec Max. mA 
CE = Vin 


lcci Vcc Active Read Current Vcc - Vec Max.,CE = Vit, OE = Vin 


lout = 0 mA, at 6 MHz 


lcc2 Vcc Programming Current CE=Vit 30 | mA 
Programming in Progress 

Icc3 Vcc Erase Current CE=Vi 
Erasure in Progress 


a A ec 


Vpp Programming Current Vpp = VpPH 30 mA 
Programming in Progress 

Vpp Erase Current Vpp = VpPH mA 
Erasure in Progress 


ee ae nS 


Input High Voltage Vec 
+0.5 
VoL Output Low Voltage lor. 5.8 mA V 
Vcc - Vec Min. 
VoH1 Output High Voltage loH- -2.5 mA V 
Vcc = Vcc Min. 


Se ee 


Ag Auto Select Current = Vip Max. LA 
Wee Vcc Max. 
VPPL Vpp during Read-Only Note: Erase/Program are Vec V 
Operations inhibited when Vpp = VppL + 2.0 
VPPH Vpp during Read/Write 11.4 V 
Operations 
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DC CHARACTERISTICS-CMOS COMPATIBLE 
| PRELIMINARY _ 


Parameter 
Symbol Parameter Description Test Conditions 
Iu Input Leakage Current Vcc . Vcc Max., 
Vin = Vecor Vss 
ILo Output Leakage Current Vcc. Vcc Max., 
Vout = Vcc or Vss 
lccs Vcc Standby Current Vcc - Vcc Max. . 
CE =Vcc+0.5V 
loci Vcc Active Read Current Vcc - Vcc Max.,CE = Vir, OE = Vin 
lout = 0 mA, at 6 MHz 
lec2 Vcc Programming Current CE=Vit 
Programming in Progress 
loca Vcc Erase Current CE=Viut 
Erasure in Progress 


Ver Standby Current 


Vpp Programming Current Vpp = VPPH 
Programming in Progress 


I+ 
—_—, 
oO 


Ha i i AE ae ein Uc Me Ba i 


+ 
ah 
roo) 


Vpp Erase Current Vpp = VpPH 
Erasure in Progress 


Input Low Voltage en es 


VoL Output Low Voltage lo.- 5.8 mA 
Vcc « Vcc Min. 
loH = —2.5 MA, Vcc. Vcc Min. 0.85 


loH - -100 pA, Vcc. Vcc Min 


N 


<i< 


Vcc 
+0.5 


0.45 


Output High Voltage 


0.4 


As Auto Select Voltage A= Vio 


Ag Auto Select Current Ag = Vip Max. 
Vcc - Vec Max. 
VPPL Vpp during Read-Only Note: Erase/ Program are 
Operations inhibited when Vpp = VppL 
VPPH Vpp during Read/Write 
Operations 


1. Caution: the Am28F512 must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 


Vec 


+ I+ 
ae) = % 
oO roo) 


2. Icc1 is tested with OE = ViH to simulate open outputs. 
3. Maximum active power usage is the sum of Icc and Ipp. 
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PIN CAPACITANCE 


Parameter 
Symbol Parameter Description Test Conditions Typ. 


Input Capacitance pulls is eine aes 1S 
OutputCapacitancs | Vour=0 | 
Ver inputCapactance | vep=o 8 


Notes: | 
1. Sampled, not 100% tested. 


2. Test conditions TA = 25°C, f = 1.0 MHz 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
AC CHARACTERISTICS-Read Only Operation (Notes 1— 2) 


PRELIMINARY 


Parameter 
Symbols 


JEDEC;} Standard | Parameter Description 


tELQV tcE Chip Enable 
Access Time 150 
tavav tacc Address 
Access Time 120 150 
teLav Output Enable 
Access Time 35 75 75 
tELAX tLz Chip Enable to 
Output in Low Z 
tEHQZ Chip Disable to 
Output in High Z 30 35 
tGLax Output Enable to 
Output in Low Z 
toF Output Disable to | 
Output in High Z 30 35 35 
Output Hold from first of 
Address, CE, or OE Change 
tWHGL Write Recovery us 
Time before Read 
tvcs Vcc Set-up Time Us 
to Valid Read 


Notes: 


1. Output Load (except Am28F512-95): 1 TTL gate and Ci = 100 pF, Input Rise and Fall Times: < 10 ns, Input Pulse levels: 
0.45 to 2.4 V, Timing Measurement Reference Level - Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 


2. The Am28F512-95 Output Load: 1 TTL gate and Ci = 30 pF 
Input Rise and Fall Times: < 10 ns 
Input Pulse levels: 0 to 3 V 
Timing Measurement Reference Level: 1.5 V inputs and outputs. 


3. tvcs is guaranteed by design not tested. 
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AC CHARACTERISTICS-Write/Erase/Program Operations (Notes 1— 4) 


PRELIMINARY 
Parameter 
Symbols 


JEDEC| Standard | Parameter Description 


Write Cycle Time 
Address Set-Up Time 


tAVAV 


Bae Address Hold Time 
ie Data Set-Up Time 
oe Data Hold Time 


Write Recovery Time us 
before Read 


tGHWL Read Recovery Time us 
before Write 
tELWL tcs Chip Enable oe 
Set-Up Time 
tCH Chip Enable 
Hold Time 
pee tere le ee 
tWHWL Write Pulse 
Width HIGH 
tWHWH1 Duration of us 
Programming Operation 
Duration of 9.5 
Erase Operation ; 
Chip Enable Set-Up 
Time to Vpp Ramp | 
Vpp Set-Up Time to 
Chip Enable LOW 


Vcc Set-Up Time 
to Chip Enable Low 


Vpp Rise Time 
90% VPpPH 

Vpp Fall Time 
90% VPPL 


tWHGL 


1. Read timing characteristics during read/write operations are the same as durng read-only operations. Refer to AC 
Characteristics for Read Only operations. 


2. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the Write Pulse Width (within a longer Write-Enable timing waveform) all set-up, hold 
and inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 


3. All devices except Am28F512-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 


4. Am28F512-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 
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Device and Outputs Data 
Power-up, Standby Address Selection Enabled Valid Standby, Power-down 
VVVVVVV BE aa XKXKKKX X 
Addresses XXXKKXX) Addresses Stable <8 (XX XXXXX A 
tavav (tRC) 
CE (E) 
eee tEHOZ 
(toF) 
OE (G) 
tWHGL eee taHaz 
a (toF) 
WE (W) tGLav (toe) 
tELQv (tceE) 
tGLav (toLz) tAxQx (tOH) 
tELQx (tLZ) 


Data {0Q) —— C(((4 Output Valid »))) ene 


tavav (tAcc) 
5.0V 
Vcc 
OV 
11561-0138 


Figure 5. AC Waveforms for Read Operations 
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ee? & Set-Up Erase Erase-Verify Erase Standby/ 
Standby Command Erase Command _ Erasure Command Verification | Power-Down 
WAVANTAY, VV WVAVAVAVAY, i oes VAVAVAVAVANTAVAV, 
se OKA KA 3 Cee: XX ee (Xx) Bee 806 AD 
tavav(twc) —— tavav(trc) 
tavwi(tas) 5 Pte 
CE (E) 
' tenoz(tor) 
twHeH(tcx) 
OE G) 5 
tWHGL 
teHoz(tor) 
WE (W) teLov(toe) 
twuwH(twe) twxwt(twer) tatox(torz) 
town tos) H 
es | taxax(tox) 
pata(oa) t ovran ff OWN) Pan | a D 
teLox aor 
tvcs tecov (tce) 


11561-014B 


Figure 6. AC Waveforms for Erase Operations 
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Program Command 


Power-Up & Set-Up Program Latch Address & Verify Programming Standby/ 
Standby Command Data Ee Pegeening Command < Verification Power-Down 
naman XXXKKXKXKKK KNX KK AXKXKROKKY 
tavav(twe) tavav(trc) 
twrax(tan) 
SS 


ore tavwi(tas) SS 
) | 
OE (G) 


ieee, © SS 
tWHGL 
teHoz(tor) 


WE (W) tecov(toe) 
terox(torz) 
| | taxox(tox) 
Tm VALID “Fy 
Data (00 [onan (ae qe 
teox (tiz) . 
tvcs tecov (tce) 
5.0 V 
Vec 
OV tvPeL 
tenve 
VppH 
Vpp 
Vpec 
11561-015B 


Figure 7. AC Waveforms for Programming Operations 
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SWITCHING TEST CIRCUIT 


CL = 100 pF including jig capacitance (30 pF for Am28F512-95) 


AMD cl 


2.7 kQ 


0 +5V 


Diodes = IN3064 
or Equivalent 


a 11561-012A 


SWITCHING TEST WAVEFORMS 


2.4V 
2.0 V 2.0V 
> TEST POINTS 
0.8 V 0.8 V 


0.45 V 
INPUT OUTPUT 


All Devices Except Am28F512-95 


AC Testing: Inputs are driven at 2.4 V fora 
logic “1” and 0.45 V for a logic “0”. Input pulse 
rise and fall times are < 10 ns. 


3V 


1.5-TEST POINTS 1.5 


INPUT OUTPUT 


OV 


For Am28F512-95 


AC Testing: Inputs are driven at 3.0 V fora 
logic “1” and 0 V for a logic “O”. Input pulse rise 
and fall times are < 10 ns. 


08007-003A 
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ERASE AND PROGRAMMING PERFORMANCE 


Limits 
Parameter rare Tar me | commene 
Chip Erase Time 0.5 Excludes 00H programming 
(Note 1) prior to erasure 
Chip Programming Time we me Excludes system-level overhead 
(Note 1) 


Erase/Program Cycles 


LAmeeeanarembany 8 Sane oer S| | Cyeen | ee 
PAMBGR DIZ ited ere Sa ROO eee] CN 


Note: 
1. 25°C, 12 V Vpp. 


LATCHUP CHARACTERISTICS 


Input Voltage with respect to Vss on all pins except I/O pins 
(Including Ag and Vpp) -1.0V 13.5 V 


Input Voltage with respect to Vss on all pins I/O pins Vec + 1.0 V 


Current +100 mA 


Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin at a time. 
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Am28F010 


131,072 x 8-Bit CMOS Flash Memory 


DISTINCTIVE CHARACTERISTICS 
@ High performance 

— 90 ns maximum access time 
@ Low power consumption 


— 30 mA maximum active current 
— 100 pA maximum standby current 


= Compatible with JEDEC-standard byte-wide 
pinouts 
— 32-Pin DIP 
— 32-Pin PLCC 
— 32-Pin TSOP 


@ 10,000 erase/program cycles 
@ Program and erase voltage 12.0 V +5% 


GENERAL DESCRIPTION 


The Am28F010 is a 1 Megabit “Flash” electrically eras- 
able, electrically programmable read only memory or- 
ganized as 128K bytes of 8 bits each. The Am28F010 is 
packaged in 32-Pin PDIP and PLCC versions which al- 
low for upgrades to the 2 Megabit density. The device is 
also offered in ceramic DIP and LCC packages. It is de- 
signed to be reprogrammed and erased in-system or in 
standard EPROM programmers. 


The standard Am28F010 offers access times as fast as 
90 ns, allowing operation of high-speed microproces- 
sors without wait states. To eliminate bus contention, 
the Am28F010 has separate chip enable (CE) and out- 
put enable (OE) controls. 


AMD's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F010 uses a command register to manage this 
functionality, while maintaining a standard 32-Pin 
pinout. The command register allows for 100% TTL 
level control inputs and fixed power supply levels during 
erase and programming, while maintaining maximum 
EPROM compatibility. 

AMD's Flash technology reliably stores memory con- 
tents even after 10,000 erase and program cycles. The 
AMD cell is designed to optimize the erase and pro- 
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal elec- 
tric fields for erase and programming operations pro- 
duces reliable cycling. The Am28F010 uses a 
12.0 V+5% Vpp supply to perform the Flasherase and 
Flashrite algorithms. 

The highest degree of latch-up protection is achieved 
with AMD’s proprietary non-epi process. Latch-up pro- 
tection is provided for stresses up to 100 milliamps on 
address and data pins from —1 V to Vcc+1 V. 
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@ Latch-up protected to 100 mA 
from —1 V to Vcc +1 V 
@ Flasherase™ Electrical Bulk Chip-Erase 
— One second typical chip-erase 
@ Flashrite™ Programming 
— 10 us typical byte-program 
— Less than 2 seconds typical chip program 
= Command register architecture for 


microprocessor/microcontroller compatible 
write interface 


@ On-chip address and data latches 


@ Advanced CMOS flash memory technology 
— Low cost single transistor memory cell 


The Am28F010 is byte programmable using 10 ps pro- 
gramming pulses in accordance with AMD’s Flashrite 
programming algorithm. The typical room temperature 
programming time of the Am28F010 is less than two 
seconds. The entire chip is bulk erased using 10ms 
erase pulses according to AMD’s Flasherase algorithm. 
Typical erasure at room temperature is accomplished in 
less than one second. The windowed package and the 
15-20 minutes required for EPROM erasure using ultra- 
violet light are eliminated. 


Commands are written to the command register using 
standard microprocessor write timings. Register con- 
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad- 
dress and data needed for the programming and erase 
operations. For system design simplification, the 
Am28F010 is designed to support either WE or CE con- 
trolled writes. During a system write cycle, addresses 
are latched on the falling edge of WE or CE whichever 
occurs last. Data is latched on the rising edge of WE or 
CE whichever occurs first. To simplify the following dis- 
cussion, the WE pin is used as the write cycle control pin 
throughout the rest of this text. All setup and hold times 
are with respect to the WE signal. 


AMD’s Flash technology combines years of EPROM 
and E?PROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F010 electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are pro- 
grammed one byte at a time using the EPROM program- 
ming mechanism of hot electron injection. 


Publication# 11559 Rev. C 
Issue Date: March 1991 
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BLOCK DIAGRAM 


DQo-DQ7 


Veo 


Nee See 
Erase Input/Output 
eo Voltage Buffers 
Switch 
To Arra 
State awe tie 
Control ee 


Command 


a 


Program 
Voltage 
Switch 


Register 


CE oe 
ae aaa) Fes Fe 
OE 


Chip Enable 
Output Enable 


aS 


Address 
Ao-A16 Latch 1,048,576 
X-Decoder Bit 
Cell Matrix 


PRODUCT SELECTOR GUIDE 


Family Part No. Am28F010 


Ordering part No: 
+ 10% Vcc Tolerance 


11561-001B 


+5% Vcc Tolerance 


CE (E) Access (ns 
OE (G) Access (ns 
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CONNECTION DIAGRAMS 
DIP PLCC* 


11559-002B 


Note: Pin 1 is marked for orientation. 
* Also available in LCC. 
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‘TSOP PACKAGES* 


Ait 
Ag 
As 

A13 

A14 

NC 

WE 

Vcc 

Vpp 
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O 


28F010 
Standard Pinout 


, 
2 
3 
4 
§ 
6 
7 
8 
9 


28F010 


Reverse Pinout 


* In development 


LOGIC SYMBOL 


11559-005A 


11559-004A 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 


is formed by a combination of: a. Device Number 
b. Speed Option 
c. Reprogram Cycles 
d. Package Type 
e. Temperature Range 
f. Optional Processing 


AM28F010 -95 C4 J 


a. DEVICE NUMBER/DESCRIPTION 
Am28F010 


Cc B 
sine f. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
e. TEMPERATURE RANGE 


C = Commercial (0 to +70°C) 
| = Industrial (-40 to + 85°C) 
E = Extended (-55 to + 125°C) 


d. PACKAGE TYPE 


P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 
Note: Please consult factory for TSOP ordering 
part number details 


c. REPROGRAM CYCLES (10%) 
C4 = 10,000 cycles minimum 
C3 = 1,000 cycles minimum 


b. SPEED OPTION 


See Product Selector Guide and 
Valid Combinations 


1 Megabit (128K x 8-Bit) CMOS Flash Memory 


Valid Combinations 


C4PC, C4PI, C4PCB, 
C4PIB, C4JC, C4uI, 

AM28F010-90 | C4JCB, C4JIB, C3PC, 

AM28F010-95 | C3PI, C3PCB, C3PIB, 
C3JC, C3Jl, C3UCB, 
C3JIB 


C4PC, C4PI, C4JC, 
C4Jl, C4PCB, C4PIB, 
AM28F010-120 | C4JCB, C4JIB, C4PE, 
AM28F010-150 | C4PEB, C4JE, C4JEB, 
C3PC, C3PI, CJC, 
re C3Jl, C3PCB, C3PIB, 
C3JCB, C3JIB, C3PE, 
C3PEB, C3JE, C3JEB 
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Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combina- 
tion) is formed by a combination of: a. Device Number 

b. Speed Option 

c. Reprogram cycles 

d. Device Class 

e. Package Type 

f. Lead Finish 


AM28F010 -120 C4 /B 


A 
See oe f. LEAD FINISH 


A = Hot Solder Dip 


e. PACKAGE TYPE 
X = 32-Pin Ceramic DIP (CD 032) 
U = 32-Pin Rectangular Ceramic 
Leadless Chip Carrier (CLR 032) 


d. DEVICE CLASS 
/B = Class B 


c. REPROGRAM CYCLES (10%) 
C4 = 10,000 cycles minimum 
C3 = 1,000 cycles minimum 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am28F010 
1 Megabit (128K x 8-Bit) CMOS Flash Memory 


[Valid Combinations ee 

vale Conmmeiions Valid Combinations list configurations planned to 
AM28F010-120 be supported in volume for this device. Consult 
AM28F010-150 C4/BXA. C4/BUA the local AMD sales office to confirm availability of 
AMOBE010:170 C3/BXA. C3/BUA specific valid combinations and to check on newly 


released combinations. 


AM28F010-200 


Group A Tests 


Group A tests consist of Subgroups 
1; 2,3; 7; 8,916,435. 
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PIN DESCRIPTION 

Ao — Ais 

Address Inputs for memory locations. Internal latches 
hold addresses during write cycles. 

DQo— DQ7 


Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


CE (E) 

The Chip Enable active low input activates the 
chip’scontrol logic and input buffers. Chip Enable high 
deselects the device and operates the chip in stand-by 
mode. 

OE (G) 

The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 

WE (W) 

The Write Enable active low input controls the write 
function of the command register to the memory array. 


The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate data is latched 
on the rising edge of the pulse. 

Vpp 


Power supply for erase and programming. Vpp must be 
at high voltage in order to write to the command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can- 
not be altered when Vpp < Vcc +2V. 

Vcc 


Power supply for device operation. (5.0V + 5% or 10%) 
Vss 
Ground 


NC 


No Connect-corresponding pin is not connected inter- 
nally to the die. 


ial reindeer ie a a ea So ab 
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BASIC PRINCIPLES 


The Am28F010 uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram- 
ming operations use a fixed 12.0V + 5% power supply. 


Read Only Memory 


Without high Vpp voltage, the Am28F010 functions as a 
read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 


Command Register 


The command register is enabled only when high volt- 
age is applied to the Ver pin. The erase and reprogram- 
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 


The Am28F010’s command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de- 
vice operations. For system design simplification, the 
Am28F010 is designed to support either WE or CE 
controlled writes. During a system write cycle, ad- 
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CEwhichever occur first. To simplify the follow- 
ing discussion, the WE pin is used as the write cycle con- 
trol pin throughout the rest of this text. All setup and hold 
times are with respect to the WE signal. 


Overview of Erase/Program Operations 
Erase Sequence 


A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and re- 
peated one cycle verify commands). 


Note: 

The Flash memory array must be completely pro- 
grammed prior to erasure. Refer to the Flasherase 
Algorithm. 


1. Set-up Erase: Write the Set-up Erase command to 
the command register. 


2. Erase: Write the Erase command (same as Set-up 
Erase command) to the command register again. 
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The second command initiates the erase operation. 
The system software routines must now time-out the 
erase pulse width (10 ms) prior to issuing the Erase- 
verify command. 


3. Erase-verify: Write the Erase-verify command to 
the command register. This command terminates 
the erase operation. After the erase operation, each 
byte of the array must be verified. Address informa- 
tion must be supplied with the Erase-verify com- 
mand. This command verifies the margin and out- 
puts the addressed byte in order to compare the ar- 
ray data with FFH data (Byte erased). After success- 
ful data verification the Erase-verify command is 
written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 


If data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is suc- 
cessfully verified or the sequence is repeated 1000 
times. 


Programming Sequence 


A three step command sequence (a two-cycle Program 
command and one cycle Verify command) is required to 
program a byte of the Flash array. Refer to the Flashrite 
Algorithm. 


1. Set-up Program: Write the Set-up Program com- 
mand to the command register. 


2. Program: Write the Program command to the com- 
mand register with the appropriate Address and 
Data. The system software routines must now time- 
out the program pulse width (10 us) prior to issuing 
the Program-verify command. 


3. Program-verify: Write the Program-verify com- 
mand to the command register. This command ter- 
minates the programming operation. In addition, this 
command verifies the margin and outputs the byte 
just programmed in order to compare the array data 
with the original data programmed. After successful 
data verification, the programming sequence is initi- 
ated again for the next byte address to be pro- 
grammed. 


lf data is not verified, the Program sequence is repeated 
until a successful comparison is verified or the se- 
quence is repeated 25 times. 
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FUNCTIONAL DESCRIPTION 
Description Of User Modes 


Table 1. Am28F010 User Bus Operations 


Vpp 
eee 


Peed cer sien Ve | VE XO vee A Cour 
[Standby |X XK om x |X HIGHZ 
Read-Only 


Auto-select Manufacturer Vit Vit Vin VPPL Vit Vip CODE 
Code (Note 2) (Note 3)| (01H) 
Auto-select Device Code ViL Vit Vin VpPL ViH Vip CODE 
(Note 2) (Note 3)} (A7H) 
Read Vit Vit ViH VPPH Ao Ag Dout 
(Note 4) 
Read/Write 


Write Vit ViH Vit VPPH Ao Ag Din 
(Note 6) 
Legend: 


X = Don’t care, where Don’t Care is either Vit or ViH levels, VpPL = Vpp < Vcc + 2V, See DC Characteristics for voltage lev- 
els of VpPH, OV < An <Vcc + 2V, (normal TTL or CMOS input levels, where n = 0 or 9). 


Notes: 


1. VppL may be grounded, connected with a resistor to ground, or < Vcc +2.0V. VpPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When Vpp = VppL, memory contents can be read but not written or erased. 


Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 
11.5 < ViD < 13.0V 
Read operation with Vpp = VpPH may access array data or the Auto select codes. 


With Vpp at high voltage, the standby current is Icc + Ipp (standby). 
Refer to Table 3 for valid Din during a write operation. 


NOOR WORN 


All inputs are Don’t Care unless otherwise stated, where Don’t Care is either Vit or ViH levels. In the Auto select mode all 
addresses except Ag and Ao must be held at ViL. 
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READ ONLY MODE 

Vpp < Voc + 2V 

Command Register Inactive 

Read 

The Am28F010 functions as a read only memory when 
Vpp < Vcc + 2V. The Am28F010 has two control func- 
tions. Both must be satisfied in order to output data. CE 
controls power to the device. This pin should be used for 
specific device selection. OE controls the device outputs 
and should be used to gate data to the suit pins if a 
device is selected. 


Address access time tacc is equal to the delay from sta- 
ble addresses to valid output data. The chip enable ac- 
cess time tce is the delay from stable addresses and sta- 
ble CE to valid data at the output pins. The output enable 
access time is the delay from the falling edge of OE to 
valid data at the output pins (assuming the addresses 
have been stable at least tacc — toe). 


Standby Mode 

The Am28F010 has two standby modes. The CMOS 
standby mode (CE input held at Vcc + 0.5V), consumes 
less than 100A of current. TTL standby mode (CE is 
held at Vin) reduces the current requirements to less 
than 1mA. When in the standby mode the outputs are in 
a high impedance state, independent of the OE input. 


If the device is deselected during erasure, program- 
ming, or progranVerase verification, the device will draw 
active current until the operation is terminated. 


Output Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are ina high i im- 
pedance state. 
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Auto Select 


Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto- 
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the de- 
vice. 


Programming In A Prom Programmer 


To activate this mode, the programming equipment 
must force Vip (11.5V to 13.0V) on address As. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from Vit to Vin. All other 
address lines must be held at Vi_, and Vee must be less 
than or equal to Vcc + 2.0V while using this Auto select 
mode. Byte 0 (Ao = Vi_) represents the manufacturer 
code and byte 1 (Ao = Vin) the device identifier code. For 
the Am28F010 these two bytes are given in the table be- 
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (DQ7) defined as the 
parity bit. 


(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program- 
ming the Flash memory device in-system). 


Table 2. Am28F010 Auto Select Code 


re rer |ManufacturerCode st” aS 


=~ seamen 78 aa ce Ge Re 
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ERASE, PROGRAM, AND READ MODE 


Vpp = 12.0 V + 5% 
Command Register Active 
Write Operations 


High voltage must be applied to the Vpp pin in order to 
activate the command register. Data written to the regis- 
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 


The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to Vi, while OE - is at Vin. Ad- 
dresses are latched on the falling edge of WE, while data 
is latched on the rising edge of the WE pulse. Standard 
microprocessor write timings are used. 


Register bits R7— Ro correspond to the data inputs DQ7 
— DQo (Refer to Table 3). Register bits R7— Rs store the 
command data. All register bits Re to Ro must be zero. 
The only exceptions are: the reset command, when FFH 
is written to the register and Auto select, when 90H or 
80H is written to the register. 


The device requires the OE pin to be Vin for write opera- 
tions. This condition eliminates the possibility for bus 
contention during programming operations. In order to 


pin is not in the correct state a write command will not be 
executed. 


Refer to AC Write Characteristics and the Erase/Pro- 
gramming Waveforms for specific timing parameters. 


Command Definitions 


The contents of the command register default to OOH 
(Read Mode) in the absence of high voltage applied to 
the Vpp pin. The device operates as a read only mem- 
ory. High voltage on the Vpp pin enables the command 
register. Device operations are selected by writing spe- 
cific data codes into the command register. Table 4 de- 
fines these register commands. 


Read Command 


Memory contents can be accessed via the read com- 
mand when Vpp is high. To read from the device, write 
OOH into the command register. Wait 6us before reading 
the first accessed address location. All subsequent 
Read operations take tacc. Standard microprocessor 
read cycles access data from the memory. The device 
will remain in the read mode until the command register 
contents are altered. 


The command register defaults to OOH (read mode) 
upon Vpp power-up. The 00H (Read Mode) register de- 
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the Vep power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters 


write, OE must be Vin, and CE and WE must be Vi. If any 


Tabie 3. Command Register 


|DatainpuvOutput | Gr | DOs | DAs] DQ | DOs | DQ | DQ: | DQo | 
|CommandRegister | OR? | Re | ORs | Rs | Ro | Re | OR: | Ro 
|Data/Commands (Notes 1,2) | X | X | XT xX | xX | xX | xX {Xx | 


Notes: 


1. See Table 4 Am28F010 Command Definitions 
2. X = Appropriate Data or Register Commands 


4-80 Am28F010 


AMD &\ PRELIMINARY 


Table 4. Am28F010 Command Definitions 


pees. ee 
(Note 1) (Note 2) | (Note 3) (Note 1) (Note 2) (Note 3) 
|Read Memory (Notes 6,7)| Write || X_——s| OOH/FFH_ | Read | RA || RD 


(Note 4) 


Erase-Verify (Note 4) 


Set-up Program/Program | Write X 40H Write PA 

(Note 5) 

Program-Verify (Note5) | Write | X | COH (| Read ~—«(| X ——S«| PVD 
Reset (Note 7) 


Notes: 
1. Bus operations are defined in Table 1. 
2. RA = Address of the memory location to be read. 


EA = Address of the memory location to be read during erase-verify. 


PA = Address of the memory location to be programmed. 


Addresses are latched on the falling edge of the WE pulse. 


3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 


PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 
PVD = Data read from location PA during program-verify. PA is latched on the Program command. 


4. Figure 1 illustrates the Flasherase Electrical Erase Algorithm. 


5. Figure 2 illustrates the Flashrite Programming Algorithm. 


6. Wait 6 ps after first Read command before accessing the data. When the second bus command is a Read command, all 


subsequent Read operations take tacc. 
7. Please refer to Reset Command section on page 19. 


Erase Sequence 
Set-up Erase/Erase Commands 


Set-up Erase 


Set-up Erase is the first of a two-cycle erase command. 
It is a command-only operation that stages the device 
for bulk chip erase. The array contents are not altered 
with this command. 20H is written to the command reg- 
ister in order to perform the Set-up Erase operation. 


Erase 


The second two-cycle erase command initiates the bulk 
erase operation. You must write the Erase command 
(20H) again to the register. The erase operation begins 
with the rising edge of the WE pulse. The erase opera- 
tion must be terminated by writing a new command 
(Erase-verify) to the register. 


This two step sequence of the Set-up and Erase com- 
mands helps to ensure that memory contents are not ac- 
cidentally erased. Also, chip erasure can only occur 
when high voltage is applied to the Vpp pin and all control 
pins are in their proper state. In absence of this high volt- 
age, memory contents cannot be altered. Refer to AC 
Erase Characteristics and Waveforms for specific tim- 
ing parameters. 


Note: 

The Flash memory device must be fully programmed to 
OOH data prior to erasure. This equalizes the charge on 
all memory cells ensuring reliable erasure. 


Erase-verify Command 


The erase operation erases all bytes of the array in par- 
allel. After the erase operation, all bytes must be se- 
quentially verified. The Erase-verify operation is initi- 
ated by writing AOH to the register. The byte address to 
be verified must be supplied with the command. Ad- 
dresses are latched on the falling edge of the WE pulse. 
The rising edge of the WE pulse terminates the erase 
operation. 


Margin Verify 


During the Erase-verify operation, the Am28F010 ap- 
plies an internally generated margin voltage to the ad- 
dressed byte. Reading FFH from the addressed byte in- 
dicates that all bits in the byte are properly erased. 


Verify Next Address 


You must write the Erase-verify command with the ap- 
propriate address to the register prior to verification of 
each address. Each new address is latched on the fall- 
ing edge of WE. The process continues for each byte in 
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the memory array until a byte does not return FFH data 
or all the bytes in the array are accessed and verified. 


lf an address is not verified to FFH data, the entire chipis 
erased again (refer to Set-up Erase/Erase). Erase verifi- 
cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. At 
this point, the verification operation is terminated by 
writing a valid command (e.g. Program set-up) to the 
command register. Figure 1 and Table 5, the Flasherase 
electrical erase algorithm, illustrate how commands and 
bus operations are combined to perform electrical era- 


YES 


PLSCNT 


PLSCNT = 
1000 
YES 


Read Data from Device 
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sure. Referto AC Erase Characteristics and Waveforms 
for specific timing parameters. 


Note: 

The erase-verify command must be written to the reg- 
ister in order to terminate the erase operation. During 
the erase operations, the local microprocessor must 
be dedicated to run software timing routines (erase in 
10ms) as specified in AMD’s Flasherase algorithm. 


Should a system interrupt occur during an erase opera- 
tion, always write the Erase-verify command prior to 
executing an interrupt sequence. 


Data = OOH 


NO 


Program All Bytes to OOH 


PLSCNT =0 


Time out 6uS 


Apply Veet 
Last Address 
YES 
Write Reset Command 
Apply Veer 


Erasure Completed 


11561-005B 


Figure 1. Flasherase Electrical Erase Algorithm 
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Flasherase Electrical Erase Algorithm 

This Flash memory device erases the entire array in par- 
allel. The erase time depends on Vpp, temperature, and 
number of erase/program cycles on the device. In gen- 
eral, reprogramming time increases as the number of 
erase/program cycles increases. 


The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the array. Erasure begins with a read of the mem- 
ory contents. The Am28F010 is erased when shipped 
from the factory. Reading FFH data from the device 
would immediately be followed by executing the Flash- 
rite programming algorithm with the appropriate data 
pattern. 


Should the device be currently programmed, data other 
than FFH will be returned from address locations. Fol- 
low the Flasherase algorithm. Uniform and reliable era- 
sure is ensured by first programming all bits in the de- 
vice to their charged state (Data = 00H). This is accom- 
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plished using the Flashrite programming algorithm. Era- 
sure then continues with an initial erase operation. 
Erase verification (Data = FFH) begins at address 
0000H and continues through the array to the last ad- 
dress, or until data other than FFH is encountered. If a 
byte fails to verify, the device is erased again. With each 
erase operation, an increasing number of bytes verify to 
the erased state. Typically, devices are erased in less 
than 100 pulses (1 second). Erase efficiency may be im- 
proved by storing the address of the last byte that fails to 
verify in a register. Following the next erase operation, 
verification may start at the stored address location. A 
total of 1000 erase operations are allowed per 
reprogram cycle, which corresponds to approximately 
10 seconds of cumulative erase time. Erasure typically 
occurs in one second. The entire sequence of erase and 
byte verification is performed with high voltage applied 
to the Vpp pin. Figure 1 illustrates the electrical erase 
algorithm. 


Table 5. Flasherase Electrical Erase Algorithm 


“ae ae 


Erase-verify (Note 2) 


Notes: 


Bus Operations | Command | Comments 


Entire memory must = 00H before erasure (Note 3) 
Note: Use Flashrite programming algorithm (Figure 2) for 
programming. 


Wait for Ver ramp to VppH (Note 1) 
Initialize: 

Addresses 

PLSCNT (Pulse count) 


Set-Up Erase Data = 20H 
Standby Pe | SASCUROOS Gee Duration of Erase Operation (twHwx2) 


Address = Byte to Verify 
Data = AOH 
Stops Erase Operation 


[Standby | ——=SSS—=*dtCWite Recovery Time before Read= Gus 

ea eee lye ee ee 

iach eres «~~ 
Increment pulse count 

[Write | Reset_——|_“Data=FFH, resetthe register for read operations. 

[Standby | SSCSCSCSC*d:«SCWaait for Vepramptto Vepu (Note 1) 


1. See DC Characteristics for value of VpPH or VppL. The Vpp power supply can be hard-wired to the device or switchable. 
When Vpp is switched, VppL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0V. 


2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 


written with the read command. 


3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 


Am28F010 4-83 


PRELIMINARY 


Section 


D E F G 


as 


Function & 


A B C D E a G 
Bus Cycle Write Write Time Write Time Read Stand by 
-out -out 
Command 20H N/A N/A Compare N/A 
Data 
Set-up Erase | Erase- | Transition 
Erase (10ms)] verify (6us) verification | Vcc Power 
down 
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Stand by & 


Figure 2. A.C. Waveforms For Erase Operations 


Analysis Of Erase Timing Waveform 


Note: 

This analysis does not include the requirement to pro- 
gram the entire array to OOH data prior to erasure. Refer 
to the Flasherase algorithm. 


Set-up Erase/Erase 


This analysis illustrates the use of two-cycle erase com- 
mands (section A&B). The first erase command (20H) is 
a set-up command and does not affect the array data 
(section A). The second erase command (20H) initiates 
the erase operation (section B) on the rising edge of this 
WE pulse. All bytes of the memory array are erased in 
parallel. No address information is required. 


The erase pulse occurs in section C. 


Time-out 

A software timing routine (10ms duration) must be initi- 
ated on the rising edge of the WE pulse of section B. 
Erase-verify 


Upon completion of the erase software timing routine, 
the microprocessor must write the Erase-verify com- 
mand (AOH). This command terminates the erase op- 


eration on the rising edge of the WE pulse (section D). 
The Erase-verify command also stages the device for 
data verification (Section F). 


After each erase operation each byte must be verified. 
The byte address to be verified must be supplied with 
the Erase-verify command (section D). Addresses are 
latched on the falling edge of the WE pulse. 


Another software timing routine (6us duration) must be 
executed to allow for generation of internal voltages for 
margin checking and read operation (section E). 


During Erase-verification (section F) each address that 
returns FFH data is successfully erased. Each address 
of the array is sequentially verified in this manner by re- 
peating sections D thru F until the entire array is verified 
or an address fails to verify. Should an address location 
fail to verify to FFH data, erase the device again. Repeat 
sections A thru F. Resume verification (section D) with 
the failed address. 


Each data change sequence allows the device to use up 
to 1,000 erase pulses to completely erase. Typically 100 
erase pulses are required. 
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Notes: 

1. All address locations must be programmed to 00H 
prior to erase. This equalizes the charge on all memory 
cells and ensures reliable erasure. 


2. The erase verify command must be written to termi- 
nate the erase operation. Should a system interrupt oc- 
cur during an erase operation, always write the erase- 
verify command prior to executing an interrupt se- 
quence. 


Programming Sequence 
Set-up Program/Program Command 


Set-up Program 


The Am28F010 is programmed byte by byte. Bytes may 
be programmed sequentially or at random. Set-up Pro- 
gram is the first of a two-cycle program command. It 
stages the device for byte programming. The Set-up 
Program operation is performed by writing 40H to the 
command register. 


Program 


Only after the program set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for pro- 
gramming must be available on the second WE pulse. 
Addresses and data are internally latched on the falling 
and rising edge of the WE pulse respectively. The rising 
edge of WE also begins the programming operation. 
You must write the Program-verify command to termi- 
nate the programming operation. This two step se- 
quence of the Set-up and Program commands helps to 
ensure that memory contents are not accidentally writ- 
ten. Also, programming can only occur when high volt- 
age is applied to the Vpp pin and all control pins are in 
their proper state. In absence of this high voltage, mem- 
ory contents cannot be programmed. 


Refer to AC Characteristics and Waveforms for specific 
timing parameters. 
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Program Verify Command 


Following each programming operation, the byte just 
programmed must be verified. 


Write COH into the command register in order to initiate 
the Program-verify operation. The rising edge of this WE 
pulse terminates the programming operation. The Pro- 
gram-verify operation stages the device for verification 
of the last byte programmed. Addresses were previ- 
ously latched. No new information is required. 


Margin Verity 


During the Program-verify operation, the Am28F010 ap- 
plies an internally generated margin voltage to the ad- 
dressed byte. A normal microprocessor read cycle out- 
puts the data. A successful comparison between the 
programmed byte and the true data indicates that the 
byte was successfully programmed. The original pro- 
grammed data should be stored for comparison. Pro- 
gramming then proceeds to the next desired byte loca- 
tion. Should the byte fail to verify, reprogram (refer to 
Set-up Program/Program). Figure 3 and Table 6 indi- 
cate how instructions are combined with the bus opera- 
tions to perform byte programming. Refer to AC Pro- 
gramming Characteristics and Waveforms for specific 
timing parameters. 


Flashrite Programming Algorithm 


The Am28F010 Flashrite programming algorithm em- 
ploys an interactive closed loop flow to program data 
byte by byte. Bytes may be programmed sequentially or 
at random. The Flashrite programming algorithm uses 
10 microsecond programming pulses. Each operation is 
followed by a byte verification to determine when the ad- 
dressed byte has been successfully programmed. The 
program algorithm allows for up to 25 programming op- 
erations per byte per reprogramming cycle. Most bytes 
verify after the first or second pulse. The entire se- 
quence of programming and byte verification is per- 
formed with high voltage applied to the Vpp pin. Figure 3 
and Table 6 illustrate the programming algorithm. 


Am28F010 4-85 


PRELIMINARY | | AMD & 4 
Se ee 


Write Program-Verify Command 


Time out 6uS 
Read Data from Device 


NO 
<> 
YES YES 
YES 


11561-007A 
Figure 3. Flashrite Programming Algorithm 


Table 6. Flashrite Programming Algorithm 


[Bus Operations | Command | Comments SOS 


id as ET, ae 
Initialize pulse counter 

: ee Soe eee eee Duration of Programming Operation (twHwu1 

‘Standby | Write Recovery Time before Read=6us 
Read | | Read byte tovverity programming 
Standby | | Compare data outputtodataexpected 
[Write | Reset___—— | Data'= FH, resets the register forread operations. 
ey tL, Wit tor Ver compte ors Rtg 


Notes: 
1. See DC Characteristics for value of VppH. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 
switched, VppL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0V. 


2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 
register is written with the read command. 
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Section 


Addresses 
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Latch Address 
& Data 


A B 
40H 
Program Data 
Function Set-up Program 
Program Command 


C D E P G 
Time Time Read Stand by 
-out -out 
N/A COH N/A Compare N/A 
(Stops Data 
Program) 


Program| Program | Transition} Program 
(10s) | verify 


11561-008A 


Stand by & 
| verification | Vcc Power 
down 


Figure 4. A.C. Waveforms for Programming Operations 


Analysis Of Program Timing Waveforms 


Set-up Program/Program 


Two-cycle write commands are required for program 
operations (section A&B). The first program command 
(40H) is aset-up command and does not affect the array 
data (section A). The second program command 
latches address and data required for programming on 
the falling and rising edge of WE respectively (section 
B). The rising edge of this WE pulse (section B) also initi- 
ates the programming pulse. The device is programmed 
on a byte by byte basis either sequentially or randomly. 


The program pulse occurs in section C. 


Time-out 


A software timing routine (10j1s duration) must be initi- 
ated on the rising edge of the WE pulse of section B. 


Program-verify 


Upon completion of the program timing routine, the mi- 
croprocessor must write the program-verify command 


(COH). This command terminates the programming op- 
eration on the rising edge of the WE pulse (section D). 
The program-verify command also stages the device for 
data verification (section F). Another software timing 
routine (6us duration) must be executed to allow for 
generation of internal voltages for margin checking and 
read operations (section E). 


During program-verification (section F) each byte just 
programmed is read to compare array data with original 
program data. When successfully verified, the next de- 
sired address is programmed. Should a byte fail to ver- 
ify, reprogram the byte (repeat section A thru F). Each 
data change sequence allows the device to use up to 25 
program pulses per byte. Typically, bytes are verified 
within one or two pulses. 


Note: 

The program-verify operation must be written to termi- 
nate the programming operation. Should a system 
interrupt occur during a programming operation, always 
write the program-verify command prior to executing an 
interrupt sequence. 


Am28F010 4-87 


PRELIMINARY 


Algorithm Timing Delays 


There are four different timing delays associated with 
the Flasherase and Flashrite algorithms: 


1. The first delay is associated with the Vpp rise-time 
when Vpp first turns on. The capacitors on the Vpp 
bus cause an RC ramp. After switching on the Vpp, 
the delay required is proportional to the number of 
devices being erased and the 0.1uF/device. Vpp 
must reach its final value 100ns before commands 
are executed. 


2. The second delay time is the erase time pulse width 
(10 ms). A software timing routine should be run by 
the local microprocessor to time out the delay. The 
erase operation must be terminated at the conclu- 
sion of the timing routine or prior to executing any 
system interrupts that may occur during the erase 
operation. To ensure proper device operation, write 
the Erase-verify operation after each pulse, or the 
device may continue to erase until the memory cells 
are driven into depletion (over-erasure). Should this 
happen the internal circuitry will no longer select 
unique addresses. A symptom of over-erasure is an 
error attempting to program the next time. Occasion- 
ally it is possible to recover over-erased devices by 
programming all of the locations with OOH data. 


3. A third delay time is required for each programming 
pulse width (10 us). The programming algorithm is 
interactive and verifies each byte after a program 
pulse. The program operation must be terminated at 
the conclusion of the timing routine or prior to execut- 
ing any system interrupts that may occur during the 
programming operation. 


4. A fourth timing delay associated with both the 
Flasherase and Flashrite algorithms is the write re- 
covery time (6 us). During this time internal circuitry 
is changing voltage levels from the erase/ program 
level to those used for margin verify and read opera- 
tions. An attempt to read the device during this pe- 
riod will result in possible false data (it may appear 
the device is not properly erased or programmed). 


Note: 

Software timing routines should be written in machine 
language for each of the delays. Code written in ma- 
chine language requires knowledge of the appropriate 
microprocessor clock speed in order to accurately time 
each delay. 


Parallel Device Erasure 


Many applications will use more than one Flash memory 
device. Total erase time may be minimized by imple- 
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menting a parallel erase algorithm. Flash memories 
may erase at different rates. Therefore each device 
must be verified seperately. When a device is com- 
pletely erased and verified use a masking code to pre- 
vent further erasure. The other devices will continue to 
erase until verified. The masking code applied could be 
the read command (00H). 


Power-up Sequence 


Vcc Prior to Vpp 


The Am28F010 powers-up in the Read only mode. In 
addition, the memory contents may only be altered after 
successful completion of a two step command se- 
quence. 


Vpp Prior to Vcc 


When Vcc = 0 V, the Ver voltage is internally disabled 
from the device. Memory contents cannot be altered. 
With Vpp = 12 V, the Flash device resets to the Read 
mode when Vcc rises above 2 V. 


Power supply sequencing is not required. 


Reset Command 


The Reset command initializes the Flash memory de- 
vice to the Read mode. In addition, it also provides the 
user with a safe method to abort any device operation 
(including program or erase). 


The Reset command must be written two consecutive 
times after the set-up Program command (40H). This 
will reset the device to the Read mode. 


Following any other Flash command, write the Reset 
command once to the device. This will safely abort any 
previous operation and initialize the device to the Read 
mode. 


The set-up Program command (40H) is the only com- 
mand that requires a two sequence reset cycle. The first 
Reset command is interpreted as program data. How- 
ever, FFH data is considered null data during program- 
ming operations (memory cells are only programmed 
from a logical “1” to “0”). The second Reset command 
safely aborts the programming operation and resets the 
device to the Read mode. 


Memory contents are not altered in any case. 


This detailed information is for your reference. It may 
prove easier to always issue the Reset command two 
consecutive times. This eliminates the need to deter- 
mine if you are in the set-up Program state or not. 
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Auto Select Command 


Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


Programming In-system 


AMD's Flash memories are designed for use in applica- 
tions where the local CPU alters memory contents. Ac- 
cordingly, manufacturer and device codes must be ac- 
cessible while the device resides in the target system. 
PROM programmers typically access the signature 
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codes by raising Ag to a high voltage. However, multi- 
plexing high voltage onto address lines is not a generally 
desired system design practice. 


The Am28F010 contains an Auto Select operation to 
supplement traditional PROM programming methodol- 
ogy. The operation is initiated by writing 80H or 90H into 
the command register. Following this command, a read 
cycle address 0000H retrieves the manufacturer code of 
01H. A read cycle from address 0001H returns the de- 
vice code A7H (See Table 2). To terminate the opera- 
tion, it is necessary to write another valid command into 
the register (See Table 3). 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature Commercial (C) Devices 
Ceramic Packages — 65°C to +150°C Case Temperature (Tc) 0°C to +70°C 
Plastic Packages — 65°C to +125°C 
: industrial (1) Devices 
Ambient Temperature Case Temperature (Tc) — 40°C to +85°C 
with Power Applied — 55°C to + 125°C 
Extended (E) Devices 
Voltage with Respect To Ground Case Temperature (Tc) — 55°C to +125°C 
All pins except Ag and Vpp (Note 1) — 2.0V to 7.0V 
Vcc (Note 1) ~2.0Vto7.0V Military (M) Devices 
Ao (Note 2) ~2.0V to 14.0V Case Temperature (Tc) — 55°C to +125°C 
Vpp (Note 2) — 2.0V to 14.0V Vcc Supply Voltages 
Output Short Circuit Current (Note 3) 200mA Vec for Am28F010—X5 + 4.75V to +5.25V 
Vcc for Am28F010—XX0 + 4.50V to +5.50V 
Notes: 
1. Minimum DC voltage on input or I/O pins is -0.5 V. During Vpp Supply Voltages 
Read — 0.5V to +12.6V 


voltage transitions, inputs may overshoot Vss to —2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 
and I/O pins is Vcc + 0.5 V. During voltage transitions, 


outputs may overshoot to Vcc + 2.0 V for periods up to 
20 ns. 


2. Minimum DC input voltage on Ag and Vpp pins is -0.5V. 
During voltage transitions, Ag and Vpp may overshoot 
Vss to -2.0 V for periods of up to 20 ns. Maximum DC in- 


put voltage on Ag and Vpp is +13.5 V which may over- 
shoot to 14.0 V for periods up to 20 ns. 


3. No more than one output shorted at a time. Duration of 
the short circuit should not be greater than one second. 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


Program, Erase, and Verify + 11.4V to +12.6V 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 


20 nS 20 nS 


+.8V 
-5V 


—2.0V 
20 nS 


11561-009A 
Maximum Negative Overshoot Waveform 


Maximum Positive Input Overshoot 


20 nS 


Vec + 2.0 V 


Voc +0.5V 
2.0 V 
20 nS 20 nS 
11561-010A 


Maximum Positive Overshoot Waveform 


Maximum Vpp Overshoot 


20 nS 


14.0 V 
13.5 V 
Vec+0.5V 


20 nS 20 nS 
11561-011A 


Maximum Vpp Overshoot Waveform 
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DC CHARACTERISTICS over sce range unless otherwise specified (for APL Prod- 


ucts, Group A, Subgroups 1, 2, 3, 7 and 8 are tested unless otherwise noted). 
(Notes 1-3) 
DC CHARACTERISTICS-TTL/NMOS COMPATIBLE 


PRELIMINARY 


Parameter 
— Parameter Description Test Conditions 
input Leakage Current Vcc - Vec Max., £10 
Vin = Vecor Vss 
ILo Output Leakage Current Vcc - Vcc Max., +1.0 
Vout = Vcc or Vss 
Iccs Vcc Standby Current Vcc - Vcc Max. 1.0 mA 
CE = Vin 


Ioc1 Vcc Active Read Current Vcc - Vec Max.,CE = Vi, OE = Vin 


lout = 0 mA, at 6 MHz 


lec2 Vcc Programming Current CE=Vi mA 
Programming in Progress 

lecs Vcc Erase Current CE=Vi mA 
Erasure in Progress 


a A BE 


Vpp Read Current tA iin ad 
Vpp = VpPL 

Vpp Programming Current Vpp = VppH mA 
Programming in Progress 

Vpp Erase Current Vpp = VppH mA 
Erasure in aS MT OI 


ee ee 


Input High Voltage Vcc 
+0.5 
Output Low Voltage lo. = 5.8 mA 
Vec - Vec Min. 
VoH1 Output High Voltage loH- -2.5 MA V 
Vcc - Vec Min. | 


TO 


Ag Auto Select Current = Vip Max. LA 
ae Vcc Max. 
VPPL Vpp during Read-Only Note: Erase/Program are Vcc V 
Operations inhibited when Vpp = VppL + 2.0 
Operations 
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DC CHARACTERISTICS-CMOS COMPATIBLE 
PRELIMINARY 


Parameter 
Symbol Parameter Description Test Conditions 
Input Leakage Current Vcc - Vcc Max., 
Vin = Vecor Vss 
Output Leakage Current Vcc = Vec Max., 
Vout = Vecor Vss 
Ices Vcc Standby Current Vcc - Voc Max. 
CE = Vcc+0.5V 
lec Vcc Active Read Current Voc « Vec Max.,CE = Vir, OE = Vin 
lout = 0 mA, at 6 MHz 
lec2 Vcc Programming Current CE = Vit 
Programming in Progress 
locs Vcc Erase Current CE = Vit 
Erasure in Progress 


1 


+ 
O° 


ERE VOR RIGO eum 


+ 
Ss 
oO 


| 
I 


Ver Standby Current 


Vpp Programming Current Vpp = VPPH 

Programming in Progress 
Vpp Erase Current Vpp = VpPH 

Erasure in Progress 


input Low Votage ee eee 


Output Low Voltage lo.- 5.8 mA 
Vec - Vcc Min. 
loH = —2.5 mA, Vcc. Vcc Min. 


loH = -100 pA, Voc - Vcc Min 


V 
V 


LI 
O 
IL 
1H 
VoL 


VoH1 


Output High Voltage 


Vou2 
—0.4 


As Auto Select Voltage 11.5 


Ag Auto Select Current Ag = Vip Max. 
Vcc - Vec Max. 
VPPL Vpp during Read-Only Note: Erase/ Program are 
Operations inhibited when Vpp = VppL 
VPPH Vpp during Read/Write 
Operations 


Notes: 
1. Caution: the Am28F010 must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 


Vip 


+ 2.0 


+ I+ 
~ Len] are 
re) or oO 


sige 
ee) 
QO 12 GH 


2. Icc1 is tested with OE = Vin to simulate open outputs. 


3. Maximum active power usage is the sum of Icc and Ipp. 
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PIN CAPACITANCE 


C 


IN 
Cout Output Capacitance 
Vpp Input Capacitance 


1. Sampled, not 100% tested. 
2. Test conditions TA = 25°C, f = 1.0 MHz 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified. 
AC CHARACTERISTICS-Read Only Operation (Notes 1— 2) 
PRELIMINARY 


Am28F010 


JEDEC| Standard | 


tAVAV 


Read Cycle Time 
tELQV t Chip Enable 
Access Time 
ta 


tavav Address 
Access Time 
tGLav Output Enable 
Access Time 35 


75 75 


Chip Enable to 


Output in Low Z i wae 
Chip Disable to 
Output in High Z 
tGLax Output Enable to 
Output in Low Z 
toF Output Disable to 
Output in High Z 
Output Hold from first of 
Address, CE, or OE Change 
tWHGL Write Recovery us 
Time before Read 
tvcs Vcc Set-up Time us 
to Valid Read 
Notes: 


1. Output Load (except Am28F010-95): 1 TTL gate and Ci = 100 pF, Input Rise and Fall Times: < 10 ns, Input Pulse levels: 
0.45 to 2.4 V, Timing Measurement Reference Level - Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 


2. The Am28F010-95 Output Load: 1 TTL gate and Ci = 30 pF 
Input Rise and Fall Times: < 10 ns 
Input Pulse levels: 0 to 3 V 
Timing Measurement Reference Level: 1.5 V inputs and outputs. 


RC 
CE 
re 

tLz 

tor 


3. tvcs is guaranteed by design not tested. 
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AC CHARACTERISTICS-Write/Erase/Program Operations (Notes 1— 4) 
PRELIMINARY 


Parameter Am28F010 
Symbols 
Standard | Parameter Description Big i Beucd lends 
SB acai ao Hal 5 
sas tice Semmens. 3a lll Bak lh an 
ee 
See ee 
we S| ere 
tWHGL Write Recovery Time Us 
before Read 
tGHWL Read Recovery Time us 
before Write 
tELWL tcs Chip Enable 
Set-Up Time 
tcH Chip Enable 
Hold Time 
tWHWL twPH Write Pulse 
Width HIGH 
Duration of ther 
Programming Operation 25 
Duration of 9.5 9.5 9.5 
Erase Operation 10.5 10.5 10.5 
tEHVP Chip Enable Set-Up 
Time to Vpp Ramp 
tVPEL Vpp Set-Up Time to 
Chip Enable LOW 
fast Vcc Set-Up Time to 
Chip Enable Low 
=e Ee 
ince a Ricans 1 Soom eae Heme wes 


Notes: 


1. Read timing characteristics during read/write operations are the same as durng read-only operations. Refer to AC 
Characteristics for Read Only operations. 


2. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the Write Pulse Width (within a longer Write-Enable timing waveform) all set-up, hold 
and inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 


3. All devices except Am28F010-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 


4. Am28F010-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 


TAVAV 


fel a] a 
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Device and Outputs Data . 

Power-up, Standby Address Selection Enabled Valid Standby, Power-down 

UVVUVVVVV ate ee VV VVVVVV 
Addresses XXX KX) Addresses Stable Ser Heeb bee: KM 

tAvAV (tRC) 
CE (E) 
Satie tEHOZ 
(toF) 
OE (G) 
ae tWHGL tk 
WE (W) tGLav (toe) 
tELaQv (tcE) 
tGLav (toLz) taxQx (tOH) 
tELax (tLZ) 


a ee ((( RC) 


tavav (tAcc) 
5.0 V 
Vcc 
0V 


11561-013B 


Figure 5. AC Waveforms for Read Operations 


rennnnncnnnnnnnnccnnnnnnnnnn rr SSS Ss SSS 
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Ermer 2p & i ai Erase Erase-Verify Erase Standby/ 
Standby Command Erase Command _ Erasure Command Verification Power-Down 
nasoseos (KKK KKKKXXAXXXXXXK AK __ KK AKKKKK KKK) 
tavav(twc) —— an 3 te tavav(tre) 
CE (E) 
twnen(ton) es 


rE oH aca Bass 
ee twiwn(twe) 


tWHGL 
teHoz(tor) 
terov(toe) 
tarox(toz) 
\-- | taxax(tox) 
ATA IN ptr 
Data (DQ) mara“) j= 20H (pen bee : a Dp 


towwu(tos) 
HIGH Z 


tecox (tiz) 
tvcs tecov (tce) 


11561-0148 


Figure 6. AC Waveforms for Erase Operations 
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Program Command 3 : 
Power-Up & Set-Up Program hs a Address & Verify Programming Standby/ 


Standby Command Data Programming Command Verification Power-Down 
. SS 
WAVAVA IAVAVAVAVAVAV, eae S: a Ae VAVAVAVAVAAVAV, 
nssesses KKKKKKKKKK) OK. ha AKO 
tavav(twc) tavav(trc) 
twrax(tan) 
tavwi{ tas) $s 

CE (E) 

texHoz(tor) 

OE (G) twHwHt aes 
tWHGL 
gu teHoz(tor) 
WE (W) tevov(toe) 
) tatox(torz) 
twHox(tox) | ~* | taxax(ton) 
bata (0 { oxmam (esse J ‘im 
tecox (tiz) ; 
teLov (tce) 
5.0 V 
Me tvpeL 
tenve 

VpPH 
Vpp 
VpPL 


11561-015B 


Figure 7. AC Waveforms for Programming Operations 
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SWITCHING TEST CIRCUIT 


PRELIMINARY 
0 +5V 
Diodes = IN3064 
or Equivalent 
: ‘e 11561-012A 


Ci = 100 pF including jig capacitance (30 pF for Am28F010-95) 


SWITCHING TEST WAVEFORMS 


2.4V 
2.0 V 2.0V 
y: TEST POINTS 
0.8 V 0.8 V 
0.45 V 


INPUT 


All Devices Except Am28F010-95 


AC Testing: Inputs are driven at 2.4 V fora 
logic “1” and 0.45 V for alogic “0”. Input pulse 
rise and fall times are < 10 ns. 


3V 


1.5 TEST POINTS-> 1.5 
OV 


INPUT 


OUTPUT 


OUTPUT 


For Am28F010-95 


AC Testing: Inputs are driven at 3.0 V fora 
logic “1” and 0 V for a logic “O”. Input pulse rise 
and fall times are < 10 ns. 


08007-003A 
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ERASE AND PROGRAMMING PERFORMANCE 


ae TT oe ee 
Chip Erase Time 0.5 S Excludes 00H programming 
(Note 1) prior to erasure 
Chip Programming Time ied 24 S Excludes system-level overhead 
(Note 1) 


Erase/Program Cycles 


ermaerin ec G. i soeee) | Cee 
se SACRA ena eae CLA.) Mpa Rea Bs BS alee eee 


Note: 
1. 25°C, 12V Vpp 


LATCHUP CHARACTERISTICS 


Input Voltage with respect to Vss on all pins except I/O pins Vere ae 
13.5V 


(Including Ag and Vpp) -1.0V 


Input Voltage with respect to Vss on all pins I/O pins Vec + 1.0 V 
= 100 mA [+100 mA 


Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin at a time. 
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Am28F020 


262,144 x 8-Bit CMOS Flash Memory 


DISTINCTIVE CHARACTERISTICS 
@ High performance 
— 90 ns maximum access time 
= CMOS Low power consumption 
— 30 mA maximum active current 
— 100 pA maximum standby current 
— No Data Retention Power 
= Compatible with JEDEC-standard byte- 
wide 32-Pin EPROM pinouts 
— 32-pin DIP 
— 32-pin PLCC 
— 32-Pin TSOP 


H 10,000 erase/program cycles minimum 
= Program and erase voitage 12.0 V +5% 


@ Latch-up protected to 100 mA 
from —1 V to Vcc +1 V 


GENERAL DESCRIPTION 


The Am28F020 is a 2 Megabit Flash memory organized 
as 256K bytes of 8 bits each. AMD’s Flash memories of- 
fer the most cost-effective and reliable read/write non- 
volatile random access memory. The Am28F020 is 
packaged in 32-pin PDIP and PLCC versions. The de- 
vice is also offered in the ceramic DIP package. It is de- 
signed to be reprogrammed and erased in-system or in 
standard EPROM programmers. 


The standard Am28F020 offers access times as fast as 
90 ns, allowing operation of high-speed microproces- 
sors without wait states. To eliminate bus contention, 
the Am28F020 has separate chip enable (CE) and out- 
put enable (OE) controls. 


AMD’s Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F020 uses a command register to manage this 
functionality, while maintaining a standard 32-pin 
pinout. The command register allows for 100% TTL 
level control inputs and fixed power supply levels during 
erase and programming, while maintaining maximum 
EPROM compatibility. 


AMD's Flash technology reliably stores memory con- 
tents even after 10,000 erase and program cycles. The 
AMD cell is designed to optimize the erase and pro- 
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal elec- 
tric fields for erase and programming operations pro- 
duces reliable cycling. The Am28F020 uses a 
12.0V+5% Vpp supply to perform the Flasherase and 
Flashrite algorithms. 


Publication# 14727 Rev. B Amendment/0 


issue Date: March 1991 


ct 


Advanced 
Micro 
Devices 


= Flasherase™ or Embedded Erase™ 
Electrical Bulk Chip-Erase 
— Two second typical chip-erase 
™ Flashrite™ or Embedded Program™ 
— 10 us typical byte-program 
— Less than 3 seconds typical chip program 
= Command register architecture for 


microprocessor/microcontroller compatible 
write interface 


B On-chip address and data latches 


™ Advanced CMOS flash memory technology 
— Low cost single transistor memory cell 

=@ Embeddedalgorithms for completely 
self-timed program/erase operations 

B® Automatic program/erase pulse stop timer 


The highest degree of latch-up protection is achieved 
with AMD’s proprietary non-epi process. Latch-up pro- 
tection is provided for stresses up to 100 milliamps on 
address and data pins from —1 V to Vcc+1 V. 


Embedded Program 


The Am28F020 is byte programmable using 10 us pro- 
gramming pulses in accordance with AMD’s Flashrite 
programming algorithm. The device may also be pro- 
grammed using the Embedded Programming algorithm. 
The Embedded Programming algorithm does not re- 
quire the system to time-out or verify the data pro- 
grammed. The typical room temperature programming 
time of the Am28F020 is less than three seconds. 


Embedded Erase 


The entire chip is bulk erased using 10 ms erase pulses 
according to AMD’s Flasherase algorithm. Typical era- 
sure at room temperature is accomplished in less than 
two seconds. The device may also be erased using the 
Embedded Erase algorithm. The Embedded Erase al- 
gorithm automatically programs the entire array prior to 
electrical erase. The timing and verification of electrical 
erase are controlled internal to the device. 


AMD’s Am28F020 is entirely pin and software compat- 
ible with existing AMD Flash memories. The availability 
of the Embedded Program and Erase algorithms does 
not preclude the use of standard Flashrite and 
Flasherase algorithms. Thus AMD’s devices are always 
backwards compatible with existing designs. 
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Embedded Programming Algorithm vs. 
Flashrite Programming Algorithm 


The Flashrite Programming algorithm requires the user 
to write a program set-up command, a program com- 
mand (program data and address), and a program verify 
command followed by a read and compare operation. 
The user is required to time the programming pulse 
width in order to issue the program verify command. An 
integrated stop timer prevents any possibility of over- 
programming. Upon completion of this sequence the 
data is read back from the device and compared by the 
user with the data intended to be written; if there is nota 
match, the sequence is repeated until there is a match or 
the sequence has been repeated 25 times. 


AMD’s Embedded Programming algorithm requires the 
user to only write a program set-up command and a pro- 
gram command (program data and address). The de- 
vice automatically times the programming pulse width, 
provides the program verify and counts the number of 
sequences. A status bit, similar to data polling, provides 
feedback to the user as to the status of the programming 
operation. 


Embedded Erase Algorithm vs. Flasherase Erase 
Algorithm 


The Flasherase Erase algorithm requires the device to 
be completely programmed prior to executing an erase 
command. To invoke the erase operation the user writes 
an erase set-up command, an erase command, and an 
erase verify command. The user is required to time the 
erase pulse width in order to issue the erase verify com- 
mand. An integrated stop timer prevents any possibility 
of overerasure. Upon completion of this sequence the 
data is read back from the device and compared by the 


AMD &\ 


user with erased data. If there is not a match, the se- 
quence is repeated until there is a match or the se- 
quence has been repeated 1,000 times. 


AMD’s Embedded Erase algorithm requires the user to 
only write an erase set-up command and erase com- 
mand. The device will automatically pre-program and 
verify the entire array. Then the device automatically 
times the erase pulse width, provides the erase verify 
and counts the number of sequences. A status bit, simi- 
lar to data polling, provides feedback to the user as to 
the status of the erase operation. 


Commands are written to the command register using 
standard microprocessor write timings. Register con- 
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad- 
dress and data needed for the programming and erase 
operations. For system design simplification, the 
Am28F020 is designed to support either WE or CE con- 
trolled writes. During a system write cycle, addresses 
are latched on the falling edge of WE or CE E whichever 
occurs last. Data is latched on the rising edge of WE or 
CE whichever occurs first. To simplify the following dis- 
cussion, the WE pin is used as the write cycle control pin 
throughout the rest of this text. All setup and hold times 
are with respect to the WE signal. 


AMD’s Flash technology combines years of EPROM 
and EEPROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F020 electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are pro- 
grammed one byte at a time using the EPROM program- 
ming mechanism of hot electron injection. 
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AMD & ADVANCE INFORMATION 
BLOCK DIAGRAM 


ia 
io 
1 
Erase 
Input/Output 
Vpp Voltage Buffers 
Switch 
ae To Arra aan] 4 
WE State 
Control 
Command 
Register Program 
Voltage Chip Enable 
Switch Output Enable 
Logic 
CE BW il... +————+ Data 
SE pt Latch 
a 
BF Embedded™ es 
Algorithms 


Low Vcc 
Detector 


Ao-Ai7 


=e 2,097,152 
Cell Matrix 
PRODUCT SELECTOR GUIDE 


Family Part No. Am28F020 


Ordering part No: 
+ 10% Vcc Tolerance 


Program/Erase 
Pulse Timer 


14727-001B 


+ 5% Vcc Tolerance 
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CONNECTION DIAGRAMS 
DIP PLCC 


14727-002A 


Note: Pin 1 is marked for orientation. 
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TSOP PACKAGES* 


Ai 
Ag 


O 


28F020 
Standard Pinout 


1 
2 
3 
4 
5 
6 
7 
8 
9 


28F020 
Reverse Pinout 


*In development 


28F020 256K x 8 Flash Memory in 32 Lead TSOP 
LOGIC SYMBOL 


11559-004A 


Am28F020 4-105 


ADVANCE INFORMATION 


AMD £\ 


ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 


is formed by a combination of: 
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a. DEVICE NUMBER/DESCRIPTION 


Am28F020 


a. Device Number 

b. Speed Option 

c. Reprogram Cycles 
d. Package Type 

e. Temperature Range 
f. Optional Processing 


B : 
ee f. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


e. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


| = Industrial (-40 to + 85°C) 
E = Extended (-55 to + 125°C) 


d. PACKAGE TYPE 


P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 
Note: Please consult factory for TSOP ordering 
part number details 


c. REPROGRAM CYCLES (10%) 


C4 = 10,000 cycles minimum 
C3 = 1,000 cycles minimum 


b. SPEED OPTION 


See Product Selector Guide and 
Valid Combinations 


2 Megabit (256K x 8-Bit) CMOS Flash Memory 


| ss Valid Combinations Combinations 


AM28F020-90 | C4PC, C4JC, 
AM28F020-95 | C3PC, C3JC, 


AM28F020-120| Ano CAPE, 
AM28F020-150 C4JE, C4JEB, C3PC. 
AM28F020-200 C3Pl, CJC, C3uI 


Am28F020 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combina- 
tion) is formed by a combination of: a. Device Number ; 

b. Speed Option 

c. Reprogram cycles 

d. Device Class 

e. Package Type 

f. Lead Finish 


AM28F020 -120 C4 /B 


A 
A f. LEAD FINISH 


A = Hot Solder Dip 


e. PACKAGE TYPE 
X = 32-Pin Ceramic DIP (CD 032) 


d. DEVICE CLASS 
/B = Class B 


c. REPROGRAM CYCLES (10%) 
C4 = 10,000 cycles minimum 
C3. = 1,000 cycles minimum 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am28F020 
2 Megabit (256K x 8-Bit) CMOS Flash Memory 


Valid Combinati Valid Combinations 

all mibmnations Valid Combinations list configurations planned to 
AM28F020-120 be supported in volume for this device. Consult 
AM28F020-150 the local AMD sales office to confirm availability of 
AM28F020-170 specific valid combinations and to check on newly 


released combinations. 


AM28F020-200 


Group A Tests 


Group A tests consist of Subgroups 
1, 2,3; 4, 0, 9) A0, 14, 
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PIN DESCRIPTION 
Vpp 


Power supply for erase and programming. Vee must be 
at high voltage in order to write to the command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can- 
not be altered when Vpp < Vcc +2V. 


Vcc 
Power supply for device operation. (5.0 V+ 5% or 10%) 


Vss 
Ground 


NC 


No Connect-corresponding pin is not connected inter- 
nally to the die. 


Ao — Aiz7 


Address Inputs for memory locations. Internal latches 
hold addresses during write cycles. 
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DQo- DQ; 


Data Inputs during memory write cycles. Internallatches . 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


CE (E) 
The Chip Enable active low input activates the chip’s 
control logic and input buffers. Chip Enable high will 


deselect the device and operates the chip in stand-by 
mode. 


OE (G) 
The Output Enable active low input gates the outputs of 


the device through the data buffers during memory read 
cycles. 


WE (W) 

The Write Enable active low input controls the write 
function of the command register to the memory array. 
The target address is latched on the falling edge of the 


Write Enable pulse and the appropriate data is latched 
on the rising edge of the pulse. 


meee SSS 
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BASIC PRINCIPLES 


The Am28F020 uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram- 
ming operations use a fixed 12.0V + 5% power supply. 


Read Only Memory 


Without high Vpp voltage, the Am28F020 functions as a 
read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 


Command Register 


The command register is enabled only when high volt- 
age is applied to the Vpp pin. The erase and reprogram- 
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 


The Am28F020’s command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de- 
vice operations. For system design simplification, the 
Am28F020 is designed to support either WE or CE 
controlled writes. During a system write cycle, ad- 
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CEwhichever occur first. To simplify the follow- 
ing discussion, the WE pin is used as the write cycle con- 
trol pin throughout the rest of this text. All setup and hold 
times are with respect to the WE signal. 


Overview of Erase/Program Operations 
Flasherase™ Sequence 


A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and re- 
peated one cycle verify commands). 


Note: 

The Flash memory array must be completely pro- 
grammed prior to erasure. Refer to the Flasherase 
Algorithm. 


1. Set-up Erase: Write the Set-up Erase command to 
the command register. 


2. Erase: Write the Erase command (same as Set-up 
Erase command) to the command register again. 
The second command initiates the erase operation. 
The system software routines must now time-out the 
erase pulse width (10 ms) prior to issuing the Erase- 
verify command. An integrated stop timer prevents 
any possibility of overerasure. 


3. Erase-verify: Write the Erase-verify command to 
the command register. This command terminates 
the erase operation. After the erase operation, each 
byte of the array must be verified. Address informa- 
tion must be supplied with the Erase-verify com- 
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mand. This command verifies the margin and 
outputs the addressed byte in order to compare the 
array data with FFH data (Byte erased). After suc- 
cessful data verification the Erase-verify command 
is written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 


lf data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is suc- 
cessfully verified or the sequence is repeated 1000 
times. 


Embedded Programming Algorithm 


AMD now makes programming extremely simple and 
reliable. The Embedded Programming algorithm re- 
quires the user to only write a program set-up command 
and a program command. The device automatically 
times the programming pulse width, provides the pro- 
gram verify and counts the number of sequences. A 
status bit, similar to data polling, provides feedback to 
the user as to the status of the programming operation. 


Flashrite Programming Sequence 


A three step command sequence (a two-cycle Program 
command and one cycle Verify commana) is required to 
program a byte of the Flash array. Refer to the Flashrite 
Algorithm. 


1. Set-up Program: Write the Set-up Program com- 
mand to the command register. 


2. Program: Write the Program command to the com- 
mand register with the appropriate Address and 
Data. The system software routines must now time- 
out the program pulse width (10 us) prior to issuing 
the Program-verify command. An integrated stop 
timer prevents any possibility of overprogramming. 


3. Program-verify: Write the Program-verify com- 
mand to the command register. This command ter- 
minates the programming operation. In addition, this 
command verifies the margin and outputs the byte 
just programmed in order to compare the array data 
with the original data programmed. After successful 
data verification, the programming sequence is initi- 
ated again for the next byte address to be pro- 
grammed. 


If data is not verified, the Program sequence is repeated 
until a successful comparison is verified or the se- 
quence is repeated 25 times. 


Embedded Erase Algorithm 


AMD now makes erasure extremely simple and reliable. 
The Embedded Erase algorithm requires the user to 
only write and erase set-up command and erase com- 
mand. The device will automatically pre-program and 
verify the entire array. The device automatically times 
the erase pulse width, provides the erase verify and 
counts the number of sequences. A status bit, similar to 
data polling, provides feedback to the user as to the 
status of the erase operation. 
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Data Write Protection 

The Am28F020 is designed to offer protection against 
accidental erasure or programming, caused by spurious 
system level signals that may exist during power transi- 
tions. The Am28F020 powers up in the read only state 
irregardless of the state of Vpp. If Vep = Vppx then the de- 


vice contents cannot be altered. If Vpp = VepH the device. 


still powers up in the read mode. In addition, the control 
register only allows alteration of the memory contents 
after successful completion of the two step write com- 
mand sequence. Also, all register write commands are 


FUNCTIONAL DESCRIPTION 
Description Of User Modes 
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inhibited whenever Vcc is below the write lockout volt- 
age ViKo. 


Noise Protection 


Allcontrol pins (CE, WE and OE) ignore any pulse widths 
of less than 10 ns duration. 


Power Up/Power Down Protection 


To avoid initiation of an inadvertent write cycle during 
Vcc and Vpp power transitions, the device always pow- 
ers up in the Read mode. Power supply sequencing is 
not required. 


Table 1. Am28F020 User Bus Operations 


Auto-select Manufacturer 
Code (Note 2) 


Auto-select Device Code 
(Note 2) 


Legend: 


CE OE Vpp 
a eee 


FT eres RN IS RS Se 
te ee | ee ee 
Read-Only | OutputDisable | Vu | Vm | Vin | Vem | X | xX | HIGHZ 


Vit Vit Vin VppL Vit Vip CODE 
(Note 3)} (01H) 
Vit Vit ViH VPPL ViH Vip CODE 
(Note 3) oe 
: Read VPPH 
Pree 4) 
Read/Write 


Standby (Note) | Vm | OX | OX | Vee | xX |X | HIGHZ 
| Output Disable | Vu | Vm | Vn | Vern | X |X | HIGHZ 


Vit Vin Vit VPPH Din 
(Note 6) 


X = Don’t care, where Don’t Care is either Vit or Vin levels, VppL = Vpp < Vcc + 2V, See DC Characteristics for voltage 
levels of VppH, OV < An <Vcc + 2V, (normal TTL or CMOS input levels, where n = 0 or 9). 


Notes: 


1. VppL may be grounded, connected with a resistor to ground, or < Vcc +2.0V. VpPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When Vpp = VppL, memory contents can be read but not written or erased. 


. 11.5 <¢ Vip < 13.0V 


Refer to Table 3 for valid Din during a write operation. 


NOOO PON 


addresses except Ag and Ao must be held at VIL. 


. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 


Read operation with Vpp = VppH may access array data or the Auto select codes. 
With Vpp at high voltage, the standby current is icc + Ipp (standby). 


All inputs are Don’t Care unless otherwise stated, where Don't Care is either Vit or Vix levels. In the Auto select mode all 
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READ ONLY MODE 


Vep < Vcc + 2V 

Command Register Inactive 

Read 

The Am28F020 functions as a read only memory when 
Vpp < Vcc + 2V. The Am28F020 has two control func- 
tions. Both must be satisfied in order to output data. CE 
controls power to the device. This pin should be used for 
specific device selection. OEcontrols the device outputs 
and should be used to gate data to the output pins if a 
device is selected. 


Address access time tacc is equal to the delay from sta- 
ble addresses to valid output data. The chip enable ac- 
cess time tce is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en- 
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable at least tacc — toe). 


Standby Mode 

The Am28F020 has two standby modes. The CMOS 
standby mode (CE input held at Vcc + 0.5V), consumes 
less than 100 pA of current. TTL standby mode (CE is 
held at Vin) reduces the current requirements to less 
than 1mA. When in the standby mode the outputs are in 
a high impedance state, independent of the OE input. 


lf the device is deselected during erasure, program- 
ming, or progranvVerase verification, the device will draw 
active current until the operation is terminated. 


Output Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im- 
pedance state. 


Auto Select 


Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto- 
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the de- 
vice. 


Programming In A PROM Programmer 


To activate this mode, the programming equipment 
must force Vip (11.5V to 13.0V) on address As. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from Vit to Vin. All other 
address lines must be held at Vi_, and Veep must be less 
than or equal to Vcc + 2.0V while using this Auto select 
mode. Byte 0 (Ao = Vi) represents the manufacturer 
code and byte 1 (Ao = Vin) the device identifier code. For 
the Am28F020 these two bytes are given in the table be- 
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (DQ7) defined as the 
parity bit. 


(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program- 
ming the Flash memory device in-system). 


Table 2. Am28F020 Auto Select Code 


Manufacturer |ManufacturerCode Vi | 


Am28F020 


[we __| » || vo | oa | va | oa | oa | oa | 0 | om 


(> de ae eS 
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ERASE, PROGRAM, AND READ MODE 


Vpp = 12.0 V + 5% 
Command Register Active 
Write Operations 


High voltage must be applied to the Vpp pin in order to 
activate the command register. Data written to the regis- 
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 


The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to Vi, while OE is at Vin. Ad- 
dresses are latched on the falling edge of WE, while data 
is latched on the rising edge of the WE pulse. Standard 
microprocessor write timings are used. 


Register bits R7— Ro correspond to the data inputs DQ7 
— DQo (Refer to Table 3). Register bits R7— Rs store the 
command data. All register bits Ra to Ro must be zero. 
The only exceptions are: the reset command, when FFH 
is written to the register and Auto select, when 90H or 
80H is written to the register. 


The device requires the OE pin to be Vin for write opera- 
tions. This condition eliminates the possibility for bus 
contention during programming operations. In order to 
write, OE must be Vin, and CE and WE must be Vi. If any 
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pin is not in the correct state a write command will not be 
executed. 


Refer to AC Write Characteristics and the Erase/Pro- 
gramming Waveforms for specific timing parameters. 


Command Definitions 


The contents of the command register default to 00H 
(Read Mode) in the absence of high voltage applied to 
the Vpp pin. The device operates as a read only mem- 
ory. High voltage on the Vpp pin enables the command 
register. Device operations are selected by writing spe- 
cific data codes into the command register. Table 4 de- 
fines these register commands. 


Read Command 


Memory contents can be accessed via the read com- 
mand when Vpp is high. To read from the device, write 
00H into the command register. Wait 6 ys before read- 
ing the first accessed address location. All subsequent 
Read operations take tacc. Standard microprocessor 
read cycles access data from the memory. The device 
will remain in the read mode until the command register 
contents are altered. 


The command register defaults to 00H (read mode) 
upon Vpp power-up. The 00H (Read Mode) register de- 
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the Vep power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 


Table 3. Command Register 


Command Register 


Notes: 


1. See Table 4 Am28F020 Command Definitions 
2. X = Appropriate Data or Register Commands 


Data Input/Output | DQ, | DQs| DQs| Da | DOs} DQ | Dai | DQo_ 
| fy | Re | Rs | Re | Rs | Re | Rr | Ro 
Data/Commands (Notes 1, 2) 
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Table 4. Am28F020 Command Definitions 


comma a RRB er aga Ba — 
(Note 1) (Note 2) | (Note 3) (Note 1) (Note 2) (Note 3) 
[Read Memory (Notes 6,7) [Write |X | OOWFFH | Read | RA | RD 
[Read Autoselect | Write || Xs] SOH or 90H| Read | OOH/O1H | O1H/2AH_ 


Set-up Erase/Erase X Xx 
(Note 4) 


[Erase-Verity (Note 4) || Write | EA | AGH | Read =| XC CEVD 


Set-up Program/Program X PA 
(Note 5) 


Program-Verify (Note 5) | Write | Xs | CON | Read | XT PVD 
Embedded Set-up Erase/ X X 

Embedded Erase 

Embedded Set-up ProgranvV X PA 

Embedded Program 

Reset (Note 7 pWrite 4) RRS ig ee ft): oe > eR 


Notes: 
1. Bus operations are defined in Table 1. 


2. RA = Address of the memory location to be read. 
EA = Address of the memory location to be read during erase-verify. 
PA = Address of the memory location to be programmed. 
Addresses are latched on the falling edge of the WE pulse. 


3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 
PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 
PVD = Data read from location PA during program-verify. PA is latched on the Program command. 


4. Figure 1 illustrates the Flasherase Electrical Erase Algorithm. 
5. Figure 2 illustrates the Flashrite Programming Algorithm. 


6. Wait 6 us after first Read command before accessing the data. When the second bus command is a Read command, all 
subsequent Read operations take tacc. 


7. Please reference Reset Command section on page 5-110. 
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FLASH MEMORY PROGRAM/ERASE OPERATIONS 


Section |: Details AMD’s Flasherase and Flashrite Algorithms 
Section II: Details AMD’s Embedded Program and Erase Operations 


Section I: Details AMD’s Flasherase and Flashrite Algorithms 


Flasherase Erase Sequence 
Set-up Erase/Erase Commands 


Set-up Erase 


Set-up Erase is the first of a two-cycle erase command. 
It is a command-only operation that stages the device 
for bulk chip erase. The array contents are not altered 
with this command. 20H is written to the command reg- 
ister in order to perform the Set-up Erase operation. 


Erase 


The second two-cycle erase command initiates the bulk 
erase operation. You must write the Erase command 
(20H) again to the register. The erase operation begins 
with the rising edge of the WE pulse. The erase opera- 
tion must be terminated by writing a new command 
(Erase-verify) to the register. 


This two step sequence of the Set-up and Erase com- 
mands helps to ensure that memory contents are not ac- 
cidentally erased. Also, chip erasure can only occur 
when high voltage is applied to the Vpp pin and all control 
pins are in their proper state. In absence of this high volt- 
age, memory contents cannot be altered. Refer to AC 
Erase Characteristics and Waveforms for specific tim- 
ing parameters. 


Note: 


The Flash memory device must be fully programmed to 


OOH aata prior to erasure. This equalizes the charge on 
all memory cells ensuring reliable erasure. 
Erase-verify Command 


The erase operation erases all bytes of the array in par- 
allel. After the erase operation, all bytes must be se- 


quentially verified. The Erase-verify operation is 
initiated by writing AOH to the register. The byte address 
to be verified must be supplied with the command. Ad- 
dresses are latched on the falling edge of the WE pulse. 
The rising edge of the WE pulse terminates the erase 
operation. 


Margin Verify 


During the Erase-verify operation, the Am28F020 ap- 
plies an internally generated margin voltage to the ad- 
dressed byte. Reading FFH from the addressed byte 
indicates that all bits in the byte are properly erased. 


Verify Next Address 


You must write the Erase-verify command with the ap- 
propriate address to the register prior to verification of 
each address. Each new address is latched on the fall- 
ing edge of WE. The process continues for each byte in 
the memory array until a byte does not return FFH data 
or all the bytes in the array are accessed and verified. 


lf an address is not verified to FFH data, the entire chip is 
erased again (refer to Set-up Erase/Erase). Erase verifi- 
cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. At 
this point, the verification operation is terminated by 
writing a valid command (e.g. Program set-up) to the 
command register. Figure 1 and Table 5, the Flasherase 
electrical erase algorithm, illustrate how commands and 
bus operations are combined to perform electrical era- 
sure. Referto AC Erase Characteristics and Waveforms 
for specific timing parameters. 
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Time out 6uS 


Read Data from Device 
PLSCNT = Increment = 
<> PLSCNT ene 
YES 
Apply Vee 
Last Address 
YES 
Write Reset Command 
Apply Veet 


Erasure Completed 


increment Address 


11561-005B 


Figure 1. Flasherase Electrical Erase Algorithm 
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Flasherase Electrical Erase Algorithm 

This Flash memory device erases the entire array in par- 
allel. The erase time depends on Vpp, temperature, and 
number of erase/program cycles on the device. In gen- 
eral, reprogramming time increases as the number of 
erase/program cycles increases. 


The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the array. Erasure begins with a read of the mem- 
ory contents. The Am28F020 is erased when shipped 
from the factory. Reading FFH data from the device 
would immediately be followed by executing the Flash- 
rite programming algorithm with the appropriate data 
pattern. 


Should the device be currently programmed, data other 
than FFH will be returned from address locations. Fol- 
low the Flasherase algorithm. Uniform and reliable era- 
sure is ensured by first programming all bits in the 
device to their charged state (Data = 00H). This is ac- 
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complished using the Flashrite Programming algorithm. 
Erasure then continues with an initial erase operation. 
Erase verification (Data = FFH) begins at address 
0000H and continues through the array to the last ad- 
dress, or until data other than FFH is encountered. If a 
byte fails to verify, the device is erased again. With each 
erase operation, an increasing number of bytes verify to 
the erased state. Typically, devices are erased in less 
than 200 pulses (2 seconds). Erase efficiency may be 
improved by storing the address of the last byte that fails 
to verify in a register. Following the next erase opera- 
tion, verification may start at the stored address loca- 
tion. A total of 1000 erase operations are allowed per 
reprogram cycle, which corresponds to approximately 
10 seconds of cumulative erase time. Erasure typically 
occurs inone second. The entire sequence of erase and 
byte verification is performed with high voltage applied 
to the Vpp pin. Figure 1 illustrates the electrical erase 
algorithm. 


Table 5. Flasherase Electrical Erase Algorithm 


Bus Operations 


Notes: 


Entire memory must = 00H before erasure (Note 3) 
Note: Use Flashrite programming algorithm (Figure 2) for 
programming. 


Standby Wait for Vpp ramp to VppH (Note 1) 
Initialize: 
Addresses 
PLSCNT (Pulse count) 


Set-Up Erase Data = 20H 
Standby See See Duration of Erase Operation (twHwx2) 


Write Erase-verify (Note 2) | Address = Byte to Verify 
Data = AOH 
Stops Erase Operation 
Standby as Voronin eee Write Recovery Time before Read = 6 us 
Read | SSSSSSSSCSCSC*d;CR@ad be to very erasure 


Standby Compare output to FFH 

Increment pulse count 
Write ee. See Data = FFH, reset the register for read operations. 
Standby ie eS ees Wait for Ver ramp to Vppx (Note 1) 


1. See DC Characteristics for value of VPPH or VeppL. The Vpp power supply can be hard-wired to the device or switchable. 
When Vpp is switched, Vpp_ may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0V. 


2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 


written with the read command. 


3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 
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Section 


D eo Z G 


ee 


Bus Cycle Time oe Read Stand by 
-out -Out 
AOH Compare 
Data 


ene eas -up Erase | Erase- | Transition} Erase Stand by & 
Erase (10ms)| verify (6us) | verification | Vcc Power 
down 
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Figure 2. A.C. Waveforms For Erase Operations 


Analysis of Erase Timing Waveform 


Note: 

This analysis does not include the requirement to pro- 
gram the entire array to OOH data prior to erasure. Refer 
to the Flasherase algorithm. 


Set-up Erase/Erase 


This analysis illustrates the use of two-cycle erase com- 
mands (section A & B). The first erase command (20H) 
is a set-up command and does not affect the array data 
(section A). The second erase command (20H) initiates 
the erase operation (section B) on the rising edge of this 
WE pulse. All bytes of the memory array are erased in 
parallel. No address information is required. 


The erase pulse occurs in section C. 


Time-out 


A software timing routine (10 ms duration) must be initi- 
ated on the rising edge of the WE pulse of section B. An 
integrated stop timer prevents any possibility of over- 
erasure. 


Am28F020 


Note: 


An integrated stop timer prevents any possibility of over- 
erasure. 


Erase-verify 


Upon completion of the erase software timing routine, 
the microprocessor must write the Erase-verify com- 
mand (AOH). This command terminates the erase op- 
eration on the rising edge of the WE pulse (section D). 
The Erase-verify command also stages the device for 
data verification (section F). 


After each erase operation each byte must be verified. 
The byte address to be verified must be supplied with 
the Erase-verify command (section D). Addresses are 
latched on the falling edge of the WE pulse. 


Another software timing routine (6 ts duration) must be 
executed to allow for generation of internal voltages for 
margin checking and read operation (section E). 
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During Erase-verification (section F) each address that 
returns FFH data is successfully erased. Each address 
of the array is sequentially verified in this manner by re- 
peating sections D thru F until the entire array is verified 
or an address fails to verify. Should an address location 
fail to verify to FFH data, erase the device again. Repeat 
sections A thru F. Resume verification (section D) with 
the failed address. 


Each data change sequence allows the device to use up 
to 1,000 erase pulses to completely erase. Typically 200 
erase pulses are required. 


Notes: 


1. All address locations must be programmed to 00H 
prior to erase. This equalizes the charge on all memory 
cells and ensures reliable erasure. 


Flashrite Programming Sequence 
Set-up Program/Program Command 


Set-up Program 

The Am28F020 is programmed byte by byte. Bytes may 
be programmed sequentially or at random. Set-up Pro- 
gram is the first of a two-cycle program command. It 
stages the device for byte programming. The Set-up 
Program operation is performed by writing 40H to the 
command register. 


Program 


Only after the program set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for pro- 
gramming must be available on the second WE pulse. 
Addresses and data are internally latched on the falling 
and rising edge of the WE pulse respectively. The rising 
edge of WE also begins the programming operation. 
You must write the Program-verify command to termi- 
nate the programming operation. This two step se- 
quence of the Set-up and Program commands helps to 
ensure that memory contents are not accidentally writ- 
ten. Also, programming can only occur when high volt- 
age is applied to the Vpp pin and all control pins are in 
their proper state. In absence of this high voltage, mem- 
ory contents cannot be programmed. 


AMD al 


Refer to AC Characteristics and Waveforms for specific 
timing parameters. 


Program Verify Command 


Following each programming operation, the byte just 
programmed must be verified. 


Write COH into the command register in order to initiate 
the Program-verify operation. The rising edge of this WE 
pulse terminates the programming operation. The Pro- 
gram-verify operation stages the device for verification 
of the last byte programmed. Addresses were previ- 
ously latched. No new information is required. 


Margin Verify 


During the Program-verify operation, the Am28F020 ap- 
plies an internally generated margin voltage to the ad- 
dressed byte. A normal microprocessor read cycle 
outputs the data. A successful comparison between the 
programmed byte and the true data indicates that the 
byte was successfully programmed. The original pro- 
grammed data should be stored for comparison. Pro- 
gramming then proceeds to the next desired byte 
location. Should the byte fail to verify, reprogram (refer 
to Set-up Program/Program). Figure 3 and Table 6 indi- 
cate how instructions are combined with the bus opera- 
tions to perform byte programming. Refer to AC 
Programming Characteristics and Waveforms for spe- 
cific timing parameters. 


Flashrite Programming Algorithm 


The Am28F020 Flashrite Programming algorithm em- 
ploys an interactive closed loop flow to program data 
byte by byte. Bytes may be programmed sequentially or 
at random. The Flashrite Programming algorithm uses 
10 microsecond programming pulses. Each operation is 
followed by a byte verification to determine when the ad- 
dressed byte has been successfully programmed. The 
program algorithm allows for up to 25 programming op- 
erations per byte per reprogramming cycle. Most bytes 
verify after the first or second pulse. The entire se- 
quence of programming and byte verification is per- 
formed with high voltage applied to the Vpp pin. Figure 3 
and Table 6 illustrate the programming algorithm. 
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sen] 


Read Data from Device 


NO 
<> 
YES YES 

YES 
Apply Veet 
Device Failed 


11561-007A 
Figure 3. Flashrite Programming Algorithm 


Table 6. Flashrite Programming Algorithm 


[Bus Operations | Command | Comments SSCS 


SS . .  e 
Initialize pulse counter 

RPO RR Sie ois meen Duration of Programming Operation (twHwu1) 

[Standby | SS SCSCSCSCSC*di’:«CWWite Recovery Time before Read=6us 
Read | es Read byte Very programming 
[Standby | Cid CCompare datautputtodataexpected 
[Write ———si| Resets Data'= FFH, resets the registerforread operations. 
[Standby | | Walttor Vee ramp to Vo. (Note?) 


Notes: 
1. See DC Characteristics for value of VpPH. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 
switched, VppL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0V. 


2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 
register is written with the read command. 
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Section 


Bus Cycle 


tie ae 


Program 
Address, 
Program Data 


Set-up Program 
Program Command 
Latch Address 


& Data 


Se 


C 


Time Time Read Stand by 
-out -out 
N/A N/A 
(Stops 
Program) 


Program] Program |Transition| Program 
(10 ps) | verify verification | Vcc Power 
down 


ie ss at 


D E F 11561-008A 


COH 


Stand by & 


Figure 4. A.C. Waveforms for Programming Operations 


Analysis Of Program Timing Waveforms 


Set-up Program/Program 


Two-cycle write commands are required for program 
operations (section A & B). The first program command 
(40H) is aset-up command and does not affect the array 
data (section A). The second program command 
latches address and data required for programming on 
the falling and rising edge of WE respectively (section 
B). The rising edge of this WE pulse (section B) also initi- 
ates the programming pulse. The device is programmed 
on a byte by byte basis either sequentially or randomly. 


The program pulse occurs in section C. 


Time-out 

A software timing routine (10 ys duration) must be initi- 
ated on the rising edge of the WE pulse of section B. 
Note: 


An integrated stop timer prevents any possibility of over- 
programming. 


Program-verify 


Upon completion of the program timing routine, the mi- 
croprocessor must write the program-verify command 
(COH). This command terminates the programming op- 
eration on the rising edge of the WE pulse (section D). 
The program-verify command also stages the device for 
data verification (section F). Another software timing 
routine (6 ys duration) must be executed to allow for 
generation of internal voltages for margin checking and 
read operations (section E). 


During program-verification (section F) each byte just 
programmed is read to compare array data with original 
program data. When successfully verified, the next de- 
sired address is programmed. Should a byte fail to ver- 
ify, reprogram the byte (repeat section A thru F). Each 
data change sequence allows the device to use up to 25 
program pulses per byte. Typically, bytes are verified 
within one or two pulses. 
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Section Il: Details AMD’s Embedded Program and Erase Operations 


Embedded Erase Algorithm 


The automatic chip erase does not require the device to 
be entirely pre-programmed prior to executing the Em- 
bedded set-up erase command and Embedded erase 
command. Upon executing the Embedded erase com- 
mand the device automatically will program and verify 
the entire memory for an all zero data pattern. The sys- 
tem is not required to provide any controls or timing dur- 
ing these operations. 


When the device is automatically verified to contain an 
all zero pattern, a self-timed chip erase and verify begin. 
The erase and verify operation are complete when the 
data on DQ7 is “1” (see Write Operation Status section) 
at which time the device returns to Read mode. The sys- 
tem is not required to provide any control or timing dur- 
ing these operations. 


When using the Embedded Erase algorithm, the erase 
automatically terminates when adequate erase margin 


has been achieved for the memory array (no erase ver- 
ify command is required). The margin voltages are inter- 
nally generated in the same manner as when the 
standard erase verify command is used. 


The Embedded set-up erase command is a command 
only operation that stages the device for automatic elec- 
trical erasure of all bytes in the array. Embedded set-up 
erase is performed by writing 30H to the command 
register. 


To commence automatic chip erase, the command 30H 
must be written again to the command register. The 
automatic erase begins on the rising edge of the WE and 
terminates when the data on DQ7 is “1” (see Write Op- 
eration Status section) at which time the device returns 
to Read mode. 


Figure 5 and Table 7 illustrate the Embedded Erase al- 
gorithm, a typical command string and bus operations. 


Apply VpPH 
Write Embedded™ Erase Set-up Command 


Write Embedded™ Erase Command 


Data Poll from Device 


YES 


Erasure Completed 


14727-005B 


Figure 5. Embedded™ Erase Algorithm 
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Table 7. Embedded Erase Algorithm 


Bus Operations | Command | Comments 
Standby FL Wait for Vep Ramp to Vepx (1) 


Embedded Erase Data = 30H 
Set-up Command 
Embedded Erase Data = 30H 
Command 


Read | SSC. Data Poling to Verify Erasure _ 
|Standby | Compare Output to FFH 

[Read | SCC, Available for Read Operations _ 
Note: 


1. See DC Characteristics for value of VppL. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 
switched, VppL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0 V. Refer to Principles of 


Operation. 


Embedded Programming Algorithm 


The Embedded Set-up Program is a command only op- 
eration that stages the device for automatic program- 
ming. Embedded Set-up Program is performed by 
writing 50H to the command register. 


Once the Embedded Set-up Program operation is per- 
formed, the next WE pulse causes a transition to an ac- 
tive programming operation. Addresses are internally 
latched on the falling edge of the WE pulse. Data is inter- 


ing edge of WE also begins the programming operation. 
The system is not required to provide further controls or 
timings. The device will automatically provide an ade- 
quate internally generated program pulse and verify 
margin. The automatic programming operation is com- 
pleted when the data on DQ7 is equivalent to data writ- 
ten to this bit (see Write Operation Status section) at 
which time the device returns to Read mode (ng pro- 
gram verify command is required). 


Figure 6 and Table 8 illustrate the Embedded Program 


nally latched on the rising edge of the WE pulse. The ris- algorithm, a typical command string, and bus operation. 


Apply VPPH 


Write Embedded Set-up Program Command 


Write Embedded Program Command (A/D) 


Data Poll Device - 
Verify Byte 


Increment Address 


14727-006B 


Programming Completed 


Figure 6. Embedded Programming Algorithm 
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Note: 


Table 8. Embedded Programming Algorithm 


Standby poe ce) Wal OE Ver Ramp Vera (i) 


Embedded Erase Data = 50H 


Set-up Program 
Command 


Embedded Program Valid Address/Data 
Command 


jRead | CC*d’CData Polling to Verity Erasure 
Standby Bae eee Se Compare Output to FFH 
‘Read | CC~C‘C*dsCAVailab le for Read Operations 


1. See DC Characteristics for value of VppH. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 
switched, VppL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0 V. Refer to Principles of 


Operation. Device is either powered-down, erase inhibit or program inhibit. 


Write Operation Status 
Data Polling—DQ7 


The Am28F020 features Data Polling as a method to in- 
dicate to the host system that the Embedded algorithms 
are either in progress or completed. 


While the Embedded Programming algorithm is in op- 
eration, an attempt to read the device will produce the 
compliment data of the data last written to DQ7. Upon 
completion of the Embedded Program algorithm an at- 
tempt to read the device will produce the true data last 
written to DQ7. The Data Polling feature is valid after the 
rising edge of the second WE pulse of the two write pulse 
sequence. 


While the Embedded Erase algorithm is in operation, 
DQ7 will read “0” until the erase operation is completed. 
Upon completion of the erase operation, the data on 
DQ7 will read “1”. The Data Polling feature is valid after 
the rising edge of the second WE pulse of the two Write 
pulse sequence. 


The Data Polling feature is only active during Embedded 
Programming or erase algorithms. 


See Figure 7a and 8 for the Data Polling timing specifi- 
cations and diagrams. 


DQ7 = Data? 


Successfully 
Completed 


14727-007B 


Figure 7a. Data Polling Algorithm 
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Toggle Bit—DQ6 


The Am28F020 also features a “Toggle Bit” as a method 
to indicate to the host system that the Embedded algo- 
rithms are either in progress or completed. 


While the Embedded Program or Erase algorithm is in 
progress, successive attempts to read data from the de- 
vice will result in DQ6 toggling between one and zero. 
Once the Embedded Program or Erase algorithm is 


completed, DQ6 will stop toggling and valid data will be 
read. The toggle bit is valid after the rising edge of the 
first WE pulse of the two write pulse sequence, unlike 
Data Polling which is valid after the rising edge of the 
second WE pulse. This feature allows the user to deter- 
mine if the device is partially through the two write pulse 
sequence. 


See 7b and 8 for the Data Polling timing specifications 
and diagrams. 


Successfully 
Completed 


14727-011B 


Figure 7b. Toggle Bit Algorithm 


High Z 
aoa ae Ce 


tWHWH 3 or 4 


14727-008A 


Figure 8. AC Waveforms for Data Polling and Toggle Bit during Embedded Algorithm Operations 
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Algorithm Timing Delays 


There are four different timing delays associated with 
the Flasherase and Flashrite algorithms: 


1. The first delay is associated with the Vpp rise-time 
‘when Vpp first turns on. The capacitors on the Vpp 
bus cause an RC ramp. After switching on the Vpp, 
the delay required is proportional to the number of 
devices being erased and the 0.1uF/device. Vpp 
must reach its final value 100ns before commands 
are executed. 


2. The second delay time is the erase time pulse width 
(10 ms). A software timing routine should be run by 
the local microprocessor to time out the delay. The 
erase operation must be terminated at the conclu- 
sion of the timing routine or prior to executing any 
system interrupts that may occur during the erase 
operation. To ensure proper device operation, write 
the Erase-verify operation after each pulse, or the 
device may continue to erase until the memory cells 
are driven into depletion (over-erasure). Should this 
happen the internal circuitry will no longer select 
unique addresses. A symptom of over-erasure is an 
error attempting to program the next time. Occasion- 
ally it is possible to recover over-erased devices by 
programming all of the locations with OOH data. 


3. A third delay time is required for each programming 
pulse width (10 ys). The programming algorithm is 
interactive and verifies each byte after a program 
pulse. The program operation must be terminated at 
the conclusion of the timing routine or prior to execut- 
ing any system interrupts that may occur during the 
programming operation. 


4. A fourth timing delay associated with both the 
Flasherase and Flashrite algorithms is the write re- 
covery time (6 us). During this time internal circuitry 
is changing voltage levels from the erase/ program 
level to those used for margin verify and read opera- 
tions. An attempt to read the device during this pe- 
riod will result in possible false data (it may appear 
the device is not properly erased or programmed). 


Note: 

Software timing routines should be written in machine 
language for each of the delays. Code written in ma- 
chine language requires knowledge of the appropriate 
microprocessor clock speed in order to accurately time 
each delay. 


Parallel Device Erasure 


Many applications will use more than one Flash memory 
device. Total erase time may be minimized by imple- 
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menting a parallel erase algorithm. Flash memories 
may erase at different rates. Therefore each device 
must be verified separately. When a device is com- 
pletely erased and verified use a masking code to pre- 
vent further erasure. The other devices will continue to 
erase until verified. The masking code applied could be 
the read command (00H). 


Power-up Sequence 
Vcc Prior to Vpp 


The Am28F020 powers-up in the Read only mode. In 
addition, the memory contents may only be altered after 
successful completion of a two step command se- 
quence. 


Vpp Prior to Vcc 


When Vcc = 0 V, the Vpp voltage is internally disabled 
from the device. Memory contents cannot be altered. 
With Vpp = 12 V, the Flash device resets to the Read 
mode when Vcc rises above 2 V. 


Power supply sequencing is not required. 


Reset Command 


The Reset command initializes the Flash memory de- 
vice to the Read mode. In addition, it also provides the 
user with a safe method to abort any device operation 
(including program or erase). 


The Reset command must be written two consecutive 
times after the set-up Program command (40H). This 
will reset the device to the Read mode. 


Following any other Flash command, write the Reset 
command once to the device. This will safely abort any 
previous operation and initialize the device to the Read 
mode. 


The set-up Program command (40H) is the only com- 
mand that requires a two sequence reset cycle. The first 
Reset command is interpreted as program data. How- 
ever, FFH data is considered null data during program- 
ming operations (memory cells are only programmed 
from a logical “1” to “O”).. The second Reset command 
safely aborts the programming operation and resets the 
device to the Read mode. 


Memory contents are not altered in any case. 


This detailed information is for your reference. It may 
prove easier to always issue the Reset command two 
consecutive times. This eliminates the need to deter- 
mine if you are in the set-up Program state or not. 


4-125 


ADVANCE INFORMATION 


Auto Select Command 


Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

Programming In-system 

AMD's Flash memories are designed for use in applica- 
tions where the local CPU alters memory contents. Ac- 
cordingly, manufacturer and device codes must be 
accessible while the device resides in the target system. 
PROM programmers typically access the signature 
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codes by raising Ag to a high voltage. However, multi- 
plexing high voltage onto address lines is not a generally 
desired system design practice. 


The Am28F020 contains an Auto Select operation to 
supplement traditional PROM programming methodol- 
ogy. The operation is initiated by writing 80H or 90H into 
the command register. Following this command, a read 
cycle address 0000H retrieves the manufacturer code of 
01H. A read cycle from address 0001H returns the de- 
vice code 2AH (See Table 2). To terminate the opera- 
tion, it is necessary to write another valid command into 
the register (See Table 3). 
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Storage Temperature 
Ceramic Packages — 65°C to +150°C 
Plastic Packages — 65°C to +125°C 
Ambient Temperature 
with Power Applied — 55°C to + 125°C 


Voltage with Respect To Ground 
All pins except Ao and Veep (Note 1) -—2.0Vto+7.0V 


Vcc (Note 1) ~2.0 V to +7.0 V 
Ag (Note 2) —-2.0 V to +14.0 V 
Vpp (Note 2) -2.0V to +14.0V 
Output Short Circuit Current (Note 3) 200 mA 
Notes: 


1. Minimum DC voltage on input or I/O pins is —0.5 V. During 
voltage transitions, inputs may overshoot Vss to —2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 
and I/O pins is Vcc + 0.5 V. During voltage transitions, 
outputs may overshoot to Vcc + 2.0 V for periods up to 
20 ns. 


2. Minimum DC input voltage on Ag and Vpp pins is -0.5V. 
During voltage transitions, Ag and Vpp may overshoot 
Vss to -2.0 V for periods of up to 20 ns. Maximum DC in- 


put voltage on Ag and Vpp is +13.5 V which may over- 
shoot to 14.0 V for periods up to 20 ns. 


3. No more than one output shorted at a time. Duration of 
the short circuit should not be greater than one second. 
Conditions equal VouT = 0.5 V or 5.0 V, Vcc = Vcc max. 
These values are chosen to avoid test problems caused 
by tester ground degradation. This parameter is sampled 
and not 100% tested, but guaranteed by 
characterization. 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 
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OPERATING RANGES 
Commercial (C) Devices 
Case Temperature (Tc) 
Industrial (I) Devices 
Case Temperature (Tc) 
Extended (E) Devices 
Case Temperature (Tc) 
Military (M) Devices 
Case Temperature (Tc) 
Vcc Supply Voltages 
Vcc for Am28F020—X5 


Vcc for Am28F020—XX0 


Vpp Supply Voltages 
Read 


Program, Erase, and Verify 


Am28F020 


0°C to +70°C 


— 40°C to +85°C 


— 55°C to +125°C 


— 55°C to +125°C 


+ 4.75 V to +5.25 V 
+ 4.50 V to +5.50 V 


-—-0.5Vto+12.6V 
+11.4V to +12.6V 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 


20 nS 20 nS 
+.8V 
-5V 
-2.0 V 
20 nS 
11561-009A 
Maximum Positive Input Overshoot 
20 nS 
Voc +2.0 V 
Voc +0.5 V 
2.0 V 
20 nS 20 nS 
11561-010A 
Maximum Vpp Overshoot 
20 nS 
14.0 V 
13.5 V 
Voc +0.5V 
20 nS 20 nS 
11561-011A 
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DC CHARACTERISTICS over operating range unless otherwise specified (for APL Prod- 
Not: a ae ia A, Subgroups 1, 2, 3, 7 and 8 are tested unless otherwise noted) 

otes 1-3 


DC CHARACTERISTICS-TTL/NMOS COMPATIBLE 


Sam" | eeameronerton | notconns 
sates Parameter Description Test Conditions 
Input Leakage Current Vcc - Vec Max., 
Vin = Vec or Vss 
Output Leakage Current Vcc - Vec Max., 
Vout = Vcc or Vss 


Vpp = VpPL 


Vpp Programming Current Vpp = VpPH 
Programming in Progress 

Vpp Erase Current Vpp = VPPH mA 
Erasure in ere ec 


ve __}_iopetow Nohage 3 {oe tv 


Input High Voltage Vec 
+0.5 
VoL Output Low Voltage lo. - 5.8 mA V 
Vcc = Vcc Min. 
VoH1 Output High Voltage loH- —2.5 mA V 
Vcc ~ Vcc Min. 


ve __|_AeAuto Select votage | Aes We 8 


Ag Auto Select Current = Vip Max. pA 
a Vcc Max. 
VPPL Vpp during Read-Only Note: Erase/Program are Vcc V 
Operations inhibited when Vpp = VppL +2.0 
VPPH Vpp during Read/Write 
Operations 


TT 
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DC CHARACTERISTICS-CMOS COMPATIBLE 


Parameter 
Symbol Parameter Description Test Conditions 
Input Leakage Current Voc - Vec Max., 
Vin = Vcc or Vss | 
Output Leakage Current Vcc - Vcc Max., 
Vout = Vcc or Vss 
Iccs Vcc Standby Current Vcc. Vec Max. 
CE =Vcc+0.5V 
lect Vcc Active Read Current Vec - Vec Max.,CE = Vit, OE = Vin 
lout = 0 mA, at 6 MHz 


LI 
0 
loc2 Vcc Programming Current CE = Vit 
Programming in Progress 
c3 Voc Erase Current CE=Vit 
Erasure in Progress 
iL 
IH 


| 
IL 


Vpp Programming Current Vpp = VpPH 
Programming in Progress 


Vpp Standby Current Vpp = VpPL 


Vpp Erase Current Vpp = VpPH 
Erasure in Progress 


Input Low Voltage 


VoL Output Low Voltage lo.- 5.8 mA 
Vcc - Vec Min 
Vout loH = —-2.5 MA, Voc. Vcc Min. i 
Output High Voltage 


loH = -100 pA, Voc. Vee Min 


Ic 
V : 
V 

Vou2 


Ag Auto Select Voltage Ag = Vip 


Ag Auto Select Current Ao= Vip Max. 
Vcc - Vec Max. 
Vpp during Read-Only Note: Erase/ Program are 
Operations inhibited when Vpp = VppL 
VPPH Vpp during Read/Write 
Operations 


VLKO Low Vcc Lock-out Voltage 
Notes: 


1. Caution: the Am28F020 must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 


Vip 
PPL 


V 


+ + + 
ty o> ~ 
oO om © oO 


bLs|se 
aS oF 


2. Icc1 is tested with OE = Vin to simulate open outputs. 
3. Maximum active power usage is the sum of Icc and Ipp. 
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PIN CAPACITANCE 


1. Sampled, not 100% tested. 
2. Test conditions TA = 25°C, f = 1.0 MHz 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
AC CHARACTERISTICS—Read Only Operation (Notes 1— 2) 


Parameter Am28F020 
Symbols 


| JEDEC. Standard | Parameter Description 


tELav tcE Chip Enable 
Access Time 

tavav tacc Address 

Access Time 

tGLav Output Enable 
Access Time 

tELQX tz Chip Enable to 
Output in Low Z 
Chip Disable to 
Output in High Z 

tGLax Output Enable to — 
Output in Low Z 
Output Disable to 
Output in High Z 35 
Output Hold from first of 
Address, CE, or OE Change 

tWHGL Write Recovery us 
Time before Read : 

tvcs Vcc Set-up Time to us 
Valid Read 


Notes: 


1. Output Load (except Am28F020-95): 1 TTL gate and Ci = 100 pF, Input Rise and Fall Times: < 10 ns, Input Pulse levels: 
0.45 to 2.4 V, Timing Measurement Reference Level - Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 


2. The Am28F020-95 Output Load: 1 TTL gate and Ci = 30 pF 
Input Rise and Fall Times: < 10 ns 
Input Pulse levels: 0 to 3 V 
Timing Measurement Reference Level: 1.5 V inputs and outputs. 


3. tvcs is guaranteed by design not tested. 
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AC CHARACTERISTICS—Write/Erase/Program Operations (Notes 1— 4) 


Parameter Am28F020 
Symbols 


JEDEC| Standard | Parameter Description 


Ba lneiousall 
Ce eee 


| Data Hold Time 
oe Output Enable Hold Time - 


45 


tDVWH 


for Embedded™ Algorithm 
only 


Write Recovery Time 
before Read 


tWHGL 


tGHWL Read Recovery Time 
before Write 
tcs Chip Enable 
Set-Up Time 
tcH Chip Enable ! 
Hold Time 


tELWL 


tWLWH 


Write Pulse Width 

Write Pulse 

Width HIGH 

Duration of 
Programming Operation 


Duration of 
Erase Operation 
Embedded™ Programming 
Operation (Note 5) 
Embedded™ Erase 
Operation 

tEHVP Chip Enable Set-Up 100 100 
Time to Vprp Ramp 

tVPEL Vpp Set-Up Time to 100 
Chip Enable LOW 

tvcs Vcc Set-Up Time us 
to Chip Enable Low 

tvPPR Vpp Rise Time 
90% VPPH 

tvPPF Vpp Fall Time 
10% VppL 

tLKo Vcc < Viko 100 
to Reset 


*See notes on following page. 


tWHWL 


EIB EIIE Mie il 
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Notes: 
1. Read timing characteristics during read/write operations are the same as durng read-only operations. Refer to AC 


Characteristics for Read Only operations. 

2. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the Write Pulse Width (within a longer Write-Enable timing waveform) all set-up, hold 
and inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 

3. All devices except Am28F020-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 

4. Am28F020-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 

5. Embedded Program Operation of 16 ps consists of 10 ys program pulse and 6 ps write recovery before read. This is 
the minimum time for one pass through the programming algorithm. 
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Device and Outputs Data 


Power-up, Standby Address Selection Enabled Valid Standby, Power-down 

VVVVVVV a JVVVVVVVV 
Serius: XX XXXXX) Addresses Stable prs X XXX XXX 

tAvAV (tRC) 
CE (E) 
ay rae tEHOZ 
(toF) 
OE (G) 
Pe tWHGL Beit a 
WE (W) tGLav (toe) 
tELQv (tcE) 
tGLav (toLz) taxax (tOH) 
tELOQx (tLZ) 


sas High Z tves (Kt Output Vai yy |_High Z 


tavav (tAcc) 


11561-013B 


Figure 9. AC Waveforms for Read Operations 
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Sen r gin y Erase Command Erasure gained i Verification Shee Ded 
Addresses OX COCO COCO CS GHEE O UAC Cee 
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CE (E) 
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se {i Sot a 
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Figure 10. AC Waveforms for Erase Operations 
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Program Command 


P -Up & -U Veri P i Standby/ 
pn me paste toh : Programming Command Verfcation” BaperDown 
. SS 
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tWHGL 
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WE (W) tacov(toe) 
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Figure 11. AC Waveforms for Programming Operations 
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Data Polling Read 


icaam, 9,0,0,056:0.0,000,6-00,050,0,0,00,0.0,0,0,0,0,0. Sa 
twc tas tAH tRC 


CE 

5 Oneal 

: rail ea ah 

Fb i 
ea— i 


om 2c) 


Vcc tCE 


tEHVP 


a 14727-009B 
tVPEL 


Notes: 
1. Din is data input to the device. 
2. DoutT is the output of the complement of the data written to the device. 


3. DouTt is the output of the data written to the device. 


Figure 12. AC Waveforms for Embedded Erase Operation 
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Data Polling Read 


mecrsses XXX KXXXXAXAMKKAA 


pany 
ie 
( Bout K Dour ) ‘ae 


5c) 
ae 


Vcc tCE 


tEHVP 


VPP 14727-010B 


tVPEL 
Notes: 
1. Din is data input to the device. 
2. Dour is the output of the complement of the data written to the device. 
3. Dout is the output of the data written to the device. 
Figure 13. AC Waveforms for Embedded Programming Operation 
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ADVANCE INFORMATION 
SWITCHING TEST CIRCUIT 


2.7kQ 


0 +5V 


Diodes = IN3064 
or Equivalent 


11561-012A 
Ci = 100 pF including jig capacitance (30 pF for Am28F020-95) 


SWITCHING TEST WAVEFORMS 


2.4V 


5TEST POINTS 1.5 


OUTPUT INPUT OUTPUT 


0.45 V 


INPUT 


All Devices Except Am28F020-95 For Am28F020-95 
AC Testing: Inputs are driven at 2.4 V fora AC Testing: Inputs are driven at 3.0 V for a 
logic “1” and 0.45 V for a logic “0”. Input pulse logic “1” and 0 V for a logic “0”. Input pulse rise 
rise and fall times are < 10 ns. and fall times are < 10 ns. 


08007-003A 
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ERASE AND PROGRAMMING PERFORMANCE 


Limits 
Parameter =a is oan 
Chip Erase Time Excludes 00H programming 
prior to erasure 
Chip Programming Time aS Excludes system-level overhead 
(Note 1) 


Erase/Program Cycles 


pmeeroeoesCaC tO Oe 
mmcac | Ome 


Notes: 


1. 25°C, 12V Vpp 
2. The Embedded algorithm allows for 60 second erase time for military temperature range operations. 


LATCHUP CHARACTERISTICS 


Input Voltage with respect to Vss on all pins except I/O pins 


Input Voltage with respect to Vss on all pins I/O pins Vec + 1.0 V 
Current —100 mA +100 mA 


Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin at a time. 
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Considerations for In-System Programming 


BASIC PRINCIPLES 


AMD Flash memories use 100% TTL-level control in- 
puts to manage the command register. Erase and re- 
programming operations use a fixed 12.0 V +0.6 V 


power supply. 
Read Only Memory 


Without high V,, voltage, the Flash memory functions 
as a read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 


Command Register 


The command register is enabled only when high volt- 
age is applied to the V,, pin. The erase and reprogram- 
ming operations are only accessed via the register. 
Two-cycle commands are required for erase and repro- 
gramming operations. In addition, the traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 


The AMD Flash memory command register is written 
using standard microprocessor write timings. The regis- 
ter controls an internal state machine that manages all 
device operations. 


For system design simplification, the AMD's Flash 
memory is designed to support either WE or CE con- 
trolled writes. During a system write cycle, addresses 
are latched on the falling edge of WE or CE, whichever 
occurs last. Data is latched on the rising edge of WE or 
CE, whichever occurs first. All setup and hold times are 
with respect to the WE signal. To simplify the following 
discussion, the WE pin is used as the write cycle control 
pin throughout the rest of this text. 


Overview of Erase/Program Operations 


Erase Sequence 


A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and 
repeated one cycle verify commands). 


Note: 
The Flash memory array must be completely § programmed 
prior to erasure. Refer to the Flasherase™ Algorithm. 


1. Erase Set-up: Write the Erase/Erase Set-up 
command to the command register. 


Publication # Rev. Amendment Issue Date 


13008 B /0 3/91 


2. Erase: Write the Erase/Erase Set-up command to 
the command register again. The second command 
initiates the erase operation. Time-out the erase 
pulse width. 


3. Erase-verify: Write the Erase-verify command to 
the command register. This command terminates 
the erase operation. After the erase operation, each 
byte of the array must be verified. Address informa- 
tion must be supplied with the Erase-verify com- 
mand. This command verifies the margin and 
outputs the addressed byte in order to compare the 
array data with FFH data (Byte erased). After suc- 
cessful data verification the Erase-verify command is 
written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 


lf data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is 
successfully verified or the sequence is repeated 1000 
times. 


Programming Sequence 


A three-step command sequence (a two-cycle Program 
command and one-cycle verify command) is required to 
program a byte of the Flash array. Refer to the 
Flashrite™ Algorithm. 


1. Program Set-up: Write the Program/Program Set- 
up command to the command register. 


2. Program: Write the Program/Program Set-up com- 
mand to the command register with the appropriate 
Address and Data. Time-out the program pulse 
width. 


3. Program-verify: Write the Program-verify command 
to the command register. This command terminates 
the programming operation. In addition, this com- 
mand verifies the margin and outputs the byte just 
programmed in order to compare the array data with 
the original data programmed. After successful data 
verification, the programming sequence is initiated 
again for the next byte address to be programmed. 


If data is not verified, the Program sequence is repeated 
until a successful comparison is verified or the 
sequence is repeated 25 times per byte. 
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CONSIDERATIONS FOR IN-SYSTEM 
PROGRAMMING APPLICATIONS 


V,p Generation and Control 


Constant V,,, voltage of 12.0 V +0.6 V is required for 
erase and programming operations. Parallel device 
reprogramming (either 16-bit or 32-bit data words) re- 
quires 30 mA of current for each device in the Flash 
memory array. 


Vpp Voltage can be generated in a number of ways: 
1. Use analog circuitry to pump 5 V to V,,, Voltage 


2. Use DC/DC, monolithic convertor to pump 5 V to V,, 
Voltage. 


3. Hardwire V,,, Voltage to the Flash Device 
4. Umbilical Cord Programming 


It is important to maintain the specified V,, voltages 
when reprogramming the Flash memory device. All 
internal device voltages are generated from the V,, 
reference. Inappropriate V,,, voltage may impair device 
performance. Internal voltages do not exceed that of 
external V,,,. 


Unlike other approaches to Flash memories, AMD’s 
devices actually verify margin for each byte during 
erase and programming operations. This is accom- 
plished during the Erase-verify and Program-verify 
operations respectively. During these operations, the 
appropriate margin-verify voltages are internally tapped 
off of the V., voltage via the command register and 
internal V,, circuitry. This allows for Erase/Erase-verify 
and Program/Program-verify operations to be per- 
formed with static V... (5 V) and V,,, (12 V) voltages. 


Vp Supply 
1. Use analog circuitry to Pump 5 V to V,, Voltage. 


See Application Note AN-102 on V,, Generation and 
Control for circuit schematics and more detailed 
discussions. . 


2. Use DC/DC Monolithic Convertor to Pump 5.0 V to 
V 


PP: 


A monolithic DC/DC convertor from Valor Electronics, 
the PM9006, is appropriate for the digital world to sup- 
ply the 12.0 V +0.6 V V,, voltage. The V,, voltage is 
generated on a chip using the standard system V,,, 
(5.0 V) voltage. Standard TTL commands are used to 
disable the 12.0 V output supply when programming or 
erasing operations are not intended. The enable (E) 
function provides absolute write protection to guarantee 
against inadvertent program or erasure. Flash memory 


contents cannot be altered without the active 12.0 V V,, 
supply. The enable pin also saves system power when 
the DC/DC convertor is not required. The PM9006 has a 
minimum efficiency of 50% at full load. The PM9006 
comes in a 24-pin package. 


The Valor PM9006 provides a controlled 12.0 V output 
that is regulated within the +5% (+0.6 V) V,,, specifica- 
tion. The standard system V,,. (5.0 V) supply is con- 
verted to the V,,, (12.0 V) supply by the DC/DC conver- 
tor. The voltage transitions are smooth and protect 
against destructive positive or negative overshoot. 


The PMS9006 can supply 165 mA of current at the regu- 
lated 12.0 V +0.6 V output. The 5.0 V +0.5 V DC input 
supply of the DC/DC convertor uses a maximum of 840 
mA of input current. The Am28F010 specifies a maxi- 
mum V,, current of 30 mA for either the erase or pro- 
gram operations. Actual current required for these op- 
erations is substantially lower than this. Given the maxi- 
mum V,, current of 30 mA for each device, four (4) 
Am28F010 may be programmed and erased in parallel 
(120 mA) with one PM9006 device. The PM9006 V,, 
supply current = 165 mA. 


Parallel programming and erasure allows for the most 
efficient method to reprogram x16 or x32 bit data words. 
Refer to the following application note for parallel pro- 
gram and erase flow charts. 


Board Level Resets 


System designs should not allow the Flash device to 
perform any programming or erase operations when the 
CPU does not have control of the Flash device. Some 
designs incorporate board level reset circuitry that sus- 
pends operation of the local CPU if the V,,, level falls 
below a predetermined value (such as 4.6 V). If this is 
the case, the reset circuitry should also disable the V,, 
power supply whenever the CPU is held in reset. 


If the local CPU is forced into reset mode while it is 
programming or erasing the Flash device, the system 
reset circuit should also terminate that operation. To ac- 
complish this, the PM9006’s enable pin should be 
driven high whenever the reset Circuitry is active. Drive 
the chip enable pin of the PM9006 with the logical OR of 
the reset circuitry's output signal and the chip enable 
control line to the PM9006. This will disable the V,, 
supply and hence termiante any programming or erase 
operation. The Flash device automatically resets to the 
read mode when V,,, is disabled. 


Please reference the PM9006 data sheet for complete 
details of device operation. One method of implement- 
ing the PM9006 DC/DC convertor is illustrated on 
page four. 
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Vpp Out 
€ 


Note: 
Pins 3 through 9 and 16 through 23 are not internally con- 
nected to the device and do not need to be driven. 


Generate and Control 12.0 V 


3. Hardwire V,, Voltage to the Flash Device. 


Typically this approach is used in the most cost 
sensitive applications. Regulated 12.0 V supplies are 
commonly available in many systems. 


When V,,, = 0 V, the V,, voltage is internally disabled 
from the device. Memory contents cannot be altered. 
The Flash device automatically resets to the read mode 
when V,, rises above 2 V. This occurs even when 
Vpp = 12 V. 


Power Supply sequencing is not required. 


The device will only respond to the correct sequence of 
commands in order to change the state of the Flash 
memory from Read mode to any other mode. In addi- 
tion, the three control pins must be in their correct state 
(CE = Low, OE = High, and WE = Low) in order to accept 
a command from the data bus. 


A number of additional procedures are available to 
further prevent inadvertent writes should system 
glitches occur during system/device power transitions: 


¢ Hold any control pin (CE, OE, or WE) in a non-write 
condition. This disables the device from executing a 
write operation. Please refer to following example. 


¢ Any "illegal" command (an illegal command is one 
that is not defined in the AMD Flash Memory data 
sheet under the section - Command Definitions) writ- 
ten to the Flash device will automatically terminate 
any operation and reset the device to the Read Mode. 


4. Umbilical Cord Programming 


Many applications perform system updates using the 
umbilical cord or edge connector programming method. 
The external programming equipment supplies the 
12.0 V +0.6 V V,, voltage. When the umbilical cord is 
disconnected, be aware that electrostatic discharge 
may build up on the floating V,, pin. To prevent this 
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Example: 
Holding WE in a non-write condition during power transitions. 


System Vcc 


System WE 
Ais 


In systems where the Vp pinis to be connected directly 
to the +12 V supply, WE should be held in a non-write 
state during power supply transitions. This will prevent 
against inadvertent write conditions. 


During power supply transitions, Vee voltage is inter- 
nally disabled from the Flash device until Vcc rises 
above 2 V. In addition, the Flash device automatically 
resets to the read mode as Vcc rises above 2 V. When 
write enable is at Vin the command register is internally 
disabled from the internal state machine of the Flash de- 
vice. When the command register is disabled, data com- 
mands can not be transferred to the state machine. 
Therefore the state of the Flash device will not be altered 
from the read mode. Access to the command register 
will be prevented until the WE line is driven to a ogre 
level low by the system write control. 


Note: Vin Min. = 2.0 V 


problem, tie the V,,, pin to ground via a mee (10K Q) 
pull-up resistor and a capacitor. 


V,p Layout and Circuitry 


Be aware that AC current is a component of DC power 
switching characteristics. Design the printed circuit 
board traces handling this current to accommodate high 
frequency. 


Printed Circuit Board Trace Layout: Use a single 
ground plane to eliminate potential loops. Keep all in- 
ductive impedances at a minimum on all high current 
traces. 


Vpp Regulator Circuitry Layout: Locate the V,, gen- 
eration circuitry as close to the Flash memory array as 
possible. In addition, minimize lead lengths of the net- 
work. To help prevent noise from being picked up in 
feedback loops, locate all resistors and capacitors as 
Close to the V,,, network as possible. In order to pre- 
vent input ground loops, use separate returns for input 
and output capacitors. 
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Device Decoupling 


Switching CE inputs for memory selection causes 
transient current peaks at the Flash device. The Flash 
memory devices should be decoupled with the 
appropriate capacitance. 


* Connect a 0.1 F ceramic capacitor between V_,. and 
Vz, and one between V,, and V,,. The capacitors 
should be placed as close to each device as possible. 


In addition, connect a 4.7 uF electrolytic capacitor 
between V.,, and V,, on the memory arrays’ power 
supply. Do this for each set of eight memory devices. 
This bulk capacitor will maintain even voltage to the 
memory array. 


System Initialization 


During remote code updates the possibility that the 
communication link could be disrupted during a repro- 
gramming sequence exists. Should this occur, the state 
of the Flash device (Erased, Partially Programmed, 
etc.) may not be known. Bootcode should always reset 
the Flash memory as part of the initialization sequence. 
Also, status flags should be read to determine the state 
of the Flash device upon reset. 


Systems that are designed for remote updates should 
contain the following as at least a subset of the 
bootcode program: 


¢ In-system reprogramming routines for Flash, 
¢ Standard initialization and diagnostic routines, 
¢ A set of communication routines, 


as part of the boot code. The boot code can be cost 
effectively stored in an AMD ExpressROM™ as a 
separate memory device. 


As with any logic device, the Reset command initializes 
the Flash memory to a known state: the Read mode. 
This is accomplished by writing the Reset command 
twice in succession to the Flash device. This should 
occur in the first part of the system initialization routine. 


First we will discuss resetting the Flash device as part of 
the initialization sequence. Then we will discuss the use 
of reprogramming flags to keep track of the state of the 
Flash device after remote updates (i.e., does the 
memory content contain valid data). 


interrupt Sequences 


Interrupt sequences should always reset the Flash 
device as the first part of any routine. In addition, it is 
advisable to disable the V,,, voltage during interrupts. 
The Reset command should be written twice in a row to 
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all Flash devices as part of the interrupt sequence. This 
resets the Flash device to the Read mode. Reset the 
Flash device as the initial commands of any routine. 
This procedure is also relevant should a software or 
hardware reset occur while the system is in the process 
of reprogramming the Flash memory. By including the 
consecutive reset command sequence in the bootcode 
the erase or program operations will be terminated 
when the system reboots. 


Hardware resets may be implemented by connecting 
the reset signal directly to an interrupt controller. The 
software interrupt sequence to reset the Flash memory 
is then executed by the corttroller. 


Data Transmission 


In order to guarantee accurate data updates, repro- 
gramming protocols may include echo techniques or 
error-free transmission algorithms. 


The echo technique is a straight forward approach to 
verify transmission of accurate data. The remote 
system sends back the Flash memory instructions (i.e. 
Set-up Erase/Erase) to the host system. The remote 
system waits for a confirmation of the instruction prior to 
execution. Once the memory array is reprogrammed, 
the remote system transmits the data to the host for 
verification. Upon confirmation the remote system 
programs the Data Valid word. This concept is 
explained in the Data Valid section. 


Handshaking 


Communication protocols for the host system in charge 
of remote updates should require a status check from 
the target system prior to sending reprogramming 
commands. If the system indicates it is available, the 
appropriate command is issued by the host system. 
Should the remote system indicate it is not available the 
host may break the communication link and wait for a 
request to reconnect later. Handshaking protocols are 
recommended in applications where system downtime 
is not acceptable to accommodate reprogramming 
routines. 


Data Valid Flags 


Once the Flash memory and other system components 
have been reset the system should check for the validity 
of data contained in the Flash memory devices. This is 
an issue when the system resets or the communication 
link is disrupted during remote reprogramming routines. 


The system should check the Flash device for valid data 
upon initialization. 


The Data Valid flag is a data word that is the final word 
programmed into the Flash array. This word is pro- 
grammed after verification that valid data has been 
successfully reprogrammed into the Flash memory ar- 
ray. The Data Valid word will not be programmed if 
the memory array data is invalid or the communication 
link was disrupted during a reprogramming sequence. 
During system initialization the CPU will look for the 
Data Valid word. If it is not programmed, the system will 
recognize that the Flash memory is not programmed 
with accurate data. The Flash memory must be accu- 
rately programmed before the system initialization 
routine can be completed. 


Data Protection 


Because AMD's Flash memories are designed to be 
reprogrammed in-system AMD has incorporated a 
number of data protection methods against inadvertent 
erase or program. 


Software 


AMD's Flash Memories require a two-cycle Write com- 
mand to initiate either the erase or program operations. 
Refer to the Set-up Erase/Erase or Set-up Program/ 
Program commands. These commands drive an inter- 
nal state machine that controls the device operation. 
The state machine is designed to expect the first Write 
cycle command to be a set-up command. Set-up com- 
mands will not alter the memory data. Successful exe- 
Cution of the appropriate second Write cycle command 
will initiate the erase or program operations. 


Control Inputs 


AMD's Flash memory devices require that OE = V,,, and 
CE = WE = \V, in order to load the register with a 
command. If any pin is not in the correct state a write 
cycle cannot be initiated. 


POWER-UP SEQUENCE 


V.¢ Priorto V,, 


AMD's Flash devices always power-up in the Read only 
mode. In addition, memory contents may only be al- 
tered after successful completion of a two step com- 
mand sequence. 


Vp Prior to V,, 


When V,,, = 0 V, the V,, voltage is internally disabled 
from the device. Memory contents cannot be altered. 
When V,, = 12.0 V, the Flash device will reset to the 
Read mode when V,,, rises avove 2.0 V. 


Power supply sequencing is not required. 
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AUTO SELECT COMMAND 


Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


Programming In-System 


AMD’s Flash memories are designed for use in 
applications where the local CPU alters memory con- 
tents. Accordingly, manufacturer and device codes 
must be accessible while the device resides in the 
target system. PROM programmers typically access the 
signature codes by raising A, to a high voltage. How- 
ever, multiplexing high voltage onto the address lines is 
not a generally desired system design practice. 


AMD's Flash memories contain an Auto select opera- 
tion to supplement traditional PROM programming 
methodology. The operation is initiated by writing either 
80H or 90H into the command register. Following this 
command, a Read cycle from address OOOOH retrieves 
the manufacturer code of 01H. A Read cycle from ad- 
dress 0001H returns the appropriate device code. To 
terminate the operation, it is necessary to write another 
valid command into the register. 


Data Change Sequence 


Flash memories perform data change cycles differently 
than full-featured E7P ROMs. Flash memories must al- 
ways be completely programmed prior to erasure. This 
ensures against over-erasure, because all bytes are 
erased from the fully programmed state. 


A data change sequence will include the following: 


¢ Program the entire array to OOH data using the 
Flashrite™ Algorithm. 


¢ Bulk-Erase the entire device using AMD’s Flashrite™ 
Algorithm. 

* Program the array with the appropriate data pattern 
using AMD’s Flashrite™ Algorithm. 


As long as the user follows AMD's Flasherase™ and 
Flashrite™ Algorithms, the device will not over-erase. 


PROGRAMMING MULTIPLE MEMORY 
ARRAYS 


Many applications require multi-memory device arrays. 
AMD's Flash memories provide the standard OE and 
CE device control inputs. These two controls allow for 
specific selection of one memory device in an array and 
help prevent the potential for bus contention. Because 
all non-selected memories may be left in standby mode, 
the memory arrays’ power dissipation is maintained at 
its lowest level. 
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PARALLEL DEVICE ERASURE—OVERVIEW 


Raise Vpp to 12 V 
Program all 
devices to 00H 
Initialize variables 


Write Erase 
command to all 
unerased devices 


Time-out = 10 ms 


Terminate Erase 
operation. Write 
the Erase-verify 
command to all 
unerased devices 


High order byte Mask high order 
device erased? byte device 

N 
Low order byte Mask low order 
device erased? byte device 

N 


All devices erased? 


N 


PLSCNT = 1,000? 
Y 
Write Reset Write Reset 
Command Command 
Lower Vpp Lower Vpp 
Ease complete 


13008-001A 
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PARALLEL DEVICE ERASURE FLOW CHART 


Apply VppH to 
devices 


Program all 
devices to 00H 


Initialization: 
PLSCNT =0 
HOB = 0 


LOB = 0 
ERS = 2020H 


Write xxxx/ERS 
Write xxxx/ERS 


Timeout = 10 ms 


Write xxxx/VFY 


Parallel device 
verify & mask 
subroutine 


ERS = FFFFH ? 


Y 


Write Reset 
Command 


Apply VppL 


Note: 


Although the Reset command (FFH) is recommended, the 
Read command (00H) will also mask any completely erased 


INC PLSCNT=1,000? 
Y 
Write Reset 
Command 


i 
@ 


devices from further erase operations. 


Considerations for In-System Programming 


Activity 


Allow V ,, to stabilize. 


Follow Flashrite programming algorithm. 


Initialize Erase Variables: 
PLSCNT = Pulse Counter 

HOB = High Order Address Byte 
LOB = Low Order Address Byte 
ERS = Erase Command 

VFY = Erase-verify Command 


XXXxX = Address do not care. 
Write Erase Set-up command. 


Initiate erase pulse. 


Duration of erase pulse. 


Erase-verify command terminates the erase pulse. 


See Parallel Device Erasure subroutine. Each device is 
independently verified. The command is masked by the 
Reset command (FFH) for all devices that are completely 
erased. Please see note below. 


ERS = FFFFH when all devices are erased. Please see note 
below. 


Reset devices for read operation. 


VppL deactivates the command register. Device is in the 
Read Only Mode. 
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PARALLEL DEVICE ERASURE—SUBROUTINE 
High Order Byte and Low Order Byte Device Program Verify and Mask Subroutine. 


Begin Subroutine 


Write HOB/VFY 
Read HOB/FMD 
N 
FMD = FFH? 


HOB=Last address? 
Y 


ERS = FFLBH 
VFY = FFLBH 


Tio «reve 
: g 


ERS = HBFFH 
VFY = HBFFH 


Inc 
LOB 


13008-003B 


Return to 
Subroutine 


Note: 

Although the Reset command (FFH) is recommended, the 
Read command (00H) will also mask any completely erased 
devices from further erase operations. 
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Activity 


The Subroutine verifies each device independently and 
masks the completely erased device from further erasure. 


Verify High Order Byte Device: 
Addresses are latched (HOB) on Erase-verify command. 


Internal margin verify voltages are tapped from external 12 V 
V pp for proper byte verification. 


Read HOB from previously latched Address. 
FMD = Flash Memory Data. 


Compare Flash Memory Data to FFH. If verified, then 
compare next high order byte address. If invalid, then Jump 
to low order byte device. 


If all addresses of the high order byte device are verified, 
mask the Erase and Verify commands with the Reset com- 
mand, (FFH). Low order byte (LB) device commands are not 
altered. Please see note below. 


Verify Low Order Byte: 
Addresses are latched (LOB) on verify command. 


Internal margin verify voltages are tapped from external 12 V 
Vpp for proper byte verification. 


Read LOB from previously latched address. FMD = Flash 
Memory Data. 


Compare Flash Memory Data to FFH. If verified, then 
compare next low order byte address. If invalid, return to 
main parallel erase flow for next erase pulse. 


If all addresses of the low order byte device are verified, 
mask the erase and verify command with the 

Reset command (FFH). High order byte (HB) device com- 
mands are not altered. Please see note below. 


The CE control pins should be driven by the outputs of 
an address decoder. The system’s memory Read and 
Write signal should contro! the OE and WE controls of 
the memory array respectively. 


Parallel Device Erasure 


A bank of Flash memories may be erased in parallel. 
This reduces total erase time when compared to eras- 
ing each device individually. Each Flash memory may 
erase at different rates. Therefore each device must be 
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verified separately after every erase pulse. Once a de- 
vice has successfully completed erasure do not issue 
the erase command again to that device. Issue the 
Reset command FFH to the erased device. The Erase 
command sequence may be issued to each of the re- 
maining devices that have not erased yet. In addition to 
the address verify register required for each device you 
will need an erase complete flag for each device. 


PARALLEL DEVICE PROGRAMMING — OVERVIEW 


Raise Vpp to 12 V 


Get address and 
data word for 
programming 


Initialize variables 


Program data word 
to unprogrammed 
devices 


Time-out = 10 ps 


Terminate - 
Programming 
operation. Write 
Program-verify 
command to 
unprogrammed 
device. 


Is data word 
completely 
programmed? 


N 
Write Reset 
command 
Lower Vpp 
Programming 
complete 


High order byte 
device program? 
Low order byte 
device program? 


Increment pulse 
counter check for 
last pulse 


Mask high order 
byte device 
Mask low order 
byte device 


Write Reset 
command 
Lower Vpp 
Programming 
error 


13008-004A 
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PARALLEL DEVICE PROGRAMMING FLOW CHART 


Begin Programming 
Apply VppH to 
devices 
PLSCNT =0 


Get ADDRS/PDW 


Initialization: 

PGM = 4040H 
VFY = COCOH 
VDAT = PDW 


Time-out = 10 ps 


FMD = VDAT? 


N 


Write Reset 
command 
Lower Vpp 


Parallel device 
verify and mask 
subroutine 


Inc PLSCNT = 257 
5 ¢ 


Write Reset 
command 


Programming Programming 
complete error 


13008-005A 


Note: 

Although the Reset command (FFH) is recommended, the 
Read command (00H) will also mask any device from program- 
ming operations. 
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Activity 


Allow V,, to stabilize. 


PLSCNT = Pulse Counter. 


ADDRS = Word Address to program. 
PDW = Data Word to program. 


Initialize Programming Variables: 
PGM = Program Command 

VFY = Program-verify Command 
VDAT = Valid Data 


Xxxx = Address do not care. 
Write Program Set-up command. 


Appropriate address and data for programming. 


Duration of programming pulse. 
Program-verify command terminates the programming pulse. 


Internal margin verify voltages are tapped from external 12 V 
V pp for proper byte verification. 


Read from previously latched address. FMD = Flash 
Memory Data. 


See Parallel Device Programming subroutine. Each device 
is independently verified. The Program command is masked 
by the Reset command (FFH) for all devices that are com- 
pletely Programmed. Please see note below. 


Compare Flash Memory Data to valid word data. If verified, 
reset PLSCNT and get next address and data word for 
programming. If invalid, increment pulse counter. If not last 
pulse, compare high order byte device and low order byte 
device for valid byte data. 


Reset devices for read operation. 


VppL deactivates command register. Device is in Read Only 
Mode. 
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Example: Parallel Erasure and 
Programming for Two Devices 


Parallel Erasure 


The erase sequence will be followed as usual. The CPU 
will issue word commands. The erase word command is 
2020H. Each device is independently verified and the 
address of the last verified byte per device is stored in 
separate registers. When one of the erase flags is ac- 
tive, indicating that a particular device has successfully 
completed erasure the CPU will change the command 
for that device from Erase to Reset. This effectively 
masks the erased device from further erasure. 


Should the high order byte device verify first, the next 
erase command will be FF20H. The low order byte de- 
vice erases on each subsequent erase command until 
verified. The high order byte device remains in 
Reset/Read mode. During verification, write the erase 
verify command of FFAOH. This will enable the low 
order byte device for verify operations and maintains 
the erased high order byte device in the Reset/Read 
mode. | 


Parallel Programming 


The program sequence will be followed as usual. The 
CPU will issue word commands. The program word 
command is 4040H. Each device is independently 
verified. When one of the program flags is active, indi- 
cating that a particular device has _ successfully 
completed programming, the CPU will change the 
command for that device from Program to Reset. The 
CPU will also change the Program Data to the null data 
set (FFH). This effectively masks the programmed de- 
vice from further programming. 


Should the high order byte device verify first, the next 
program command will be FF40H. The low order byte 
device programs on each subsequent program com- 
mand until verified. The high order byte device remains 
in Reset/Read mode. During verification, write the pro- 
gram verify command of FFCOH. This will enable the 
low order byte device for verify operations and main- 
tains the programmed high order byte device in 
Reset/Read mode. 


PARALLEL DEVICE PROGRAMMING — SUBROUTINE 


High Order Byte and Low Order Byte Device Erase-verify and Mask Routine 


Begin subroutine 


High order byte 
FMD = VDAT? 
Y 


PGM = FF40H 
VFY = FFCOH 


Low order byte 
FMD = VDAT? 


PGM = 40FFH 
VFY = COFFH 


13008-006B 
Return to 


subroutine 


Notes: 


This Subroutine verifies the high order and low order bytes 
independently. If either byte verifies, allcommands are masked 
from that device. 


The program command and program data are changed to a 
Reset command (FFH) and null data (FFH) respectively. 
Please see note below. 


The Program-verify command is changed to a Read command 
(00H). 


¢ During programming operations, FFH data is a null condition. Only “O”s can be programmed into Flash memory cells. 


¢ If the high order byte verifies, then that byte is masked from further Program/Program-verify operations. The low order byte (LB) 


commands are not changed. 


¢ Ifthe low order byte verifies, then that byte is masked from further Program/Program-verify operations. The high order byte (HB) 


commands are not changed. 


program-verify operations. 


Although the Reset command (FFH) is recommended, the Read Command (00H) will also mask any device from program/ 
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L Section a. | | 4 rt 


Generation and Control of Vpp Programming 


Voltage for Flash Memories 


INTRODUCTION 


Constant Ver voltage of 12.0 V +0.6 V is required for 
erase and programming operations. Parallel device 
reprogramming (either 16-bit or 32-bit data words) re- 
quires 30 mA of current for each device in the Flash 
memory array. 


Vpp voltage may be generated in a number of ways. 
Each of these options will be discussed during the text. 


1. Hardwire Vpp Voltage to the Flash Device. 

2. Umbilical Cord Type Programming. 

3. Use DC/DC Convertor to pump 5 V to Vpp Voltage. 
4. Pump 5 V to Vpp Voltage with Analog Circuitry. 


It is important to maintain the specified Vep voltages 
when programming the Flash memory device. All inter- 
nal device voltages are generated from the Vpp refer- 
ence. Inappropriate Vpp voltage may impair device per- 
formance. Internal voltages do not exceed that of exter- 
nal Vpp. 


Unlike other approaches to Flash memories, AMD’s de- 
vices actually verify margin for each byte during erase 
and programming operations. This is accomplished dur- 
ing the Erase-verify and Program-verify operations re- 
spectively. During these operations, the appropriate 
margin-verify voltages are internally tapped off of the 
Vpp voltage via the command register and internal Vpp 
circuitry. This allows for Erase/Erase-verify and Pro- 
gram/Program-verify operations to be performed with 
static Vcc (5 V) and Vpp (12 V) voltages. 


Before proceeding, afew comments regarding basic de- 
sign philosophy should be mentioned. Please make 
note of these comments for any of the Vpp generation 
methods implemented. 


Vep Trace and Circuitry 

Be aware that AC current is a component of DC power 
switching characteristics. Design the printed circuit 
board traces handling this current to accommodate high 
frequency. 


Printed Circuit Board Trace Layout 


Use a single ground plane to eliminate potential loops. 
Keep all inductive impedances at a minimum on all high 
current traces. 


Vee Regulator Circuitry Layout 


Locate the Ver generation circuitry as close to the Flash 
memory array as possible. In addition, minimize lead 
lengths of the network. To help prevent noise from being 
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picked up in feedback loops, locate all resistors and ca- 
pacitors as close to the Ver network as possible. In order 
to prevent input ground loops, use separate returns for 
input and output capacitors. 


Device Decoupling 

Switching CE inputs for memory selection causes tran- 
sient current peaks atthe Flash device. The Flash mem- 
ory devices should be decoupled with the appropriate 
capacitance from these transients. 


e Connect 0.1pF ceramic capacitor between Vcc and 
Vss and one between Vpp and Vss. The capacitors 
should be placed as close to each device as 
possible. 


e In addition, connect 4.7uF electrolytic capacitor be- 
tween Vcc and Vss on the memory array’s power 
supply. Do this for each set of eight memory devices. 
this bulk capacitor will maintain even voltage to the 
memory array. 


1. HARDWIRE Ver VOLTAGE TO THE 
FLASH DEVICE 


Typically this approach is used inthe mostcost sensitive 
applications. Regulated 12.0 V supplies are commonly 
available in many systems. 


When Vcc = 0 V, the Vpp voltage is internally disabled 
from the device. Memory contents cannot be altered. 
The Flash device automatically resets to the read mode 
when Vcc rises above 2 V. This occurs even when 
Vpp = 12 V. 


Power supply sequencing is not required. 


The device will only respond to the correct sequence of 
commands in order to change the state of the Flash 
memory from Read mode to any other mode. In addi- 
tion, the three control pins must be in their correct state 
(CE = Low, OE = High and WE = Low) in order to accept 
a command from the data bus. 


A number of additional procedures are available to fur- 

ther prevent inadvertent writes should system glitches 

occur during systenVdevice power transitions. — 

e Hold any control pin (CE, OE, or WE) in a non-write 
condition. This disables the device from executing 
any write operation (see example on the next page). 


e Any “illegal” command (an illegal command is one 
that is not defined in the AMD Flash data sheet under 
the section -— Command Definitions) written to the 
Flash device will automatically terminate any opera- 
tion and reset the device to the Read Mode. 


Publication # Rev. Amendment Issue Date 


10934 B /0 3/91 
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Example: 
Holding WE in a non-write condition during power transitions. 


Vpp Vcc System Vcc 
NC We System WE 
Ais L}3 Flash 30)J NC 


Memory 
Device 


In systems where the Vpp pin is to be connected directly 
to the +12 V supply, WE should be held in a non-write 
state during power supply transitions. This will prevent 
against inadvertent write conditions. 


During power supply transitions, Vep voltage is inter- 
nally disabled from the Flash device until Vcc rises 
above 2 V. In addition, the Flash device automatically 
resets to the read mode as Vcc rises above 2 V. When 
write enable is at Vin the command register is internally 
disabled from the internal state machine of the Flash de- 
vice. When the command register is disabled, data com- 
mands can not be transferred to the state machine. 
Therefore the state of the Flash device will not be altered 
from the read mode. Access to the command register 
will be prevented until the WE line is driven to a logic 
level low by the system write control. 


Note: Vin Min. = 2.0 V 


2. UMBILICAL CORD PROGRAMMING 


Many applications perform system updates using the 
umbilical cord or edge connector programming method. 
The external programming equipment supplies the 
12.0 V +0.6 V Vpp voltage. When the umbilical cord is 
disconnected, be aware that electrostatic discharge 
may build up on the floating Vep pin. To prevent against 
this problem, tie the Vpp pin to ground via a large (10KQ) 
pull-up resistor and a Capacitor (see Figure 1). 


3. Vcc (5.0 V) to Ver (12.0 V) DC/DC 
Convertor 


A monolithic DC/DC convertor from Valor Electronics, 
the PM9006, is appropriate for the digital world to supply 
the 12.0 V +0.6 V Vpp voltage. The Vpp voltage is gener- 
ated on chip using the standard system Vcc (5.0 V) volt- 
age. Standard TTL commands are used to disable the 
12.0 V output supply when programming or erasing op- 
erations are not intended. The enable (E) function pro- 
vides absolute write protection to guarantee against in- 
advertent program or erasure. Flash memory con- 
tentscannot be altered without the active 12.0 V Vpp 
supply. The enable pin also saves system power when 
DC/DC convertor is not required. The PM9006 has a 
minimum efficiency of 50% at full load. The PM9006 
comes in a 24-pin package. 


External Vpp 
Connector 


R = 10KQ 


Device Vpp Pin 


on E 


Figure 1. 


The Valor PM9006 provides a controlled 12.0 V output 
that is regulated within the +5% (40.6 V) Vpp specifica- 
tion. The standard system Vcc (5.0 V) supply is con- 
verted to the Vpp (12.0 V) supply by the DC/DC conver- 
tor. The voltage transitions are smooth and protect 
against destructive positive or negative overshoot. 


The PMS9006 can supply 165 mA of current at the regu- 
lated 12.0 V +0.6 V output. The 5.0 V +0.5 V DC input 
supply of the DC/DC convertor uses a maximum of 840 
mA of input current. The Am28F010 specifies a maxi- 
mum Vpp current of 30 mA for either the erase or pro- 
gram operations. Actual current required for these op- 
erations is substantially lower than this. Given the maxi- 
mum Vpp current of 30 mA for each device, four(4) 
Am28F010 may be programmed and erased in parallel 
with one PM9006 device. The PM9006 Vpp supply cur- 
rent = 165 mA—4x 30 mAof Vpp current required forthe 
Flash memory array = 45 mA of additional current avail- 
able from the DC/DC convertor. 


Parallel programming and erasure allows for the most 
efficient method to reprogram x16 or x32-bit data words. 
Refer to the previous application note for parallel pro- 
gram and erasue flow charts. 


Board Level Resets 


System designs should not allow the Flash device to 
perform any programming or erase operations when the 
CPU does not have control of the Flash device. Some 
designs incorporate board level reset circuitry that sus- 
pends operation of the local CPU if the Vcc level falls be- 
low a predetermined value (such as 4.6 V). If this is the 
case, the reset circuitry should also disable the Vpp 
power supply whenever the CPU is held in reset. 


If the local CPU is forced into reset mode while it is pro- 
gramming or erasing the Flash device, the system reset 
circuit should also terminate that operation. To accom- 
plish this, the PM9006’s enable pin should be driven 
high whenever the reset circuitry is active. Drive the chip 
enable pin of the PM9006 with the logical OR of the reset 
circuit’s output signal and the chip enable control line to 
the PM9006. This will disable the Ver supply and hence 
terminate any programming or erase operation. The 
Flash device automatically resets to the read mode 
when Vpp is disabled. 
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5V 


LT1072 


Vpp 
Command 


Note: 


L1 = Pulse Engineering #PE-52645 


MUR120 
1N5919A-5.6 V 


Vpp Output 
200 mA MAX 


+ 


Bf 


100yF 


12814-001A 


Resistor 
Tolerance 


Vpp Out 


The circuit of Figure 2 will not spuriously overshoot during power-up or power-down. This prevents destruction of the device due 
to voltages that exceed specification. Vpp outputs are predictable and controllable during power supply transitions as a result of 
the referenced circuit designs. The compensation of the LT1072 causes a very overdamped pulse response. In addition, the 
control loops of the circuit are functioning even at low supply voltages. Thus the control loop is active before the memory circuits 


settle and prevents uncontrolled Vpp pulse outputs. 


Figure 2. Basic Flash Memory Vpp Programming Voltage Supply 


Please reference the PM9006 data sheet for complete 
details of device operation. One method of implement- 
ing the PM9006 DC/DC convertor is illustrated below. 


Note: 


Pins 3 through 9 and 16 through 23 are not internally con- 
nected to the device and do not need to be driven. 


Generate and Control 12.0 V 
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4. PUMP 5 V TO Vpp VOLTAGE WITH 
ANALOG CIRCUITRY 


Flash memories require a Vpp voltage of 12.0 V +0.6 V. 
It is important to note that Vpp voltage must be main- 
tained within the device specification for reliable opera- 
tion. Vpp voltages that exceed 14 V for 20 ns or longer 
are likely to destroy the device. Thus, we need to care- 
fully control the high voltage programming circuitry. It 
should be noted that proper design of the Vpp circuitry 
eliminates the issues of device destruction due to appli- 
cation of voltages outside of the specified operating 
range. In addition, it is preferable to control the Vpp volt- 
age with a 5.0 V logic command. 


The Starter Kit: Vpp Generation and 
Control 

The basic circuit described in Figure 2 satisfies just 
about all Vep requirements for Flash memories. High 
voltage is produced by driving the Vpp command low. 
The low Vpp command (Trace A, Figure 3) activates the 
LT1072 switching regulator to drive L1. The resistor net- 
work of R1 and R2 provides the DC feedback. C1, R3 
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and C2 control the AC roll-off. Trace B illustrates the re- 
sulting Vep voltage that rises smoothly to the required 
level. The values specified for R1 and R2 determine 
the12.0 V output. Leave the 5.6 V zener in the circuit in 
order to return the output to 0 V when the Ver command 
goes high. When a 4.5 V minimum output is desired the 
zener may be omitted. Circuit trimming requirements 


A = 5V/DIV 


B = 5V/DIV 


are eliminated due to the tight internal references of the 
LT1072. Only precision resistors are required. 


The table in Figure 4 gives additional information re- 
quired to provide greater power output from the refer- 
enced circuit. The synchronous switch option of Figure 4 
may replace the zener and eliminate its power 
dissipation. 


Horizontal = 20ms/DIV 


Figure 3. Waveforms for Basic Flash 
Programming Supply 


MJE370 


To MUR120 I: costes To output capacitor 
To +5 V 12814-002A 


68Q 


Power Options for Basic Vpp Generator 


Note: 
Assume each Flash device requires 30mA Vpp current. 


Output 
Current Cout | Regulator 


400mA | 200uF | LT1071 | PE-52645 
g00mA | 400uF | LT1070 | PE-51516 


1N5339A 
or 
Synchronous 
Switch Option 


1N5339A 
or 

Synchronous 

Switch Option 


Figure 4. Synchronous Switch Option 
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A=5V/DIV 


Horizontal = 100 ns/DIV 


Figure B1. An “Iideal’ Flash Memory Vpp Output 


A =5V/DIV 


Horizontal = 2us/DIV 


Figure B3. 
Note: 


A = 5V/DIV 


Figure B2. Rings at Destructive Voltages After a 
PC Trace Run 


A = 5V/DIV 


Horizontal = 10us/DIV 


Figure B4. 


Short Circuit Recovery for Poorly (Figured B3) and Properly (Figure B4) Designed Connections. Figure B3’s Overshoot 


on Recovery Can Cause Memory Chip Failures 


Transmission Line Effects of Printed Cir- 
cuit Board Traces on Vpp Voltages 


One might ask: “Why not use a simple low resistance 
FET to switch the output of the switching regulator when 
its level is correctly set?” This sounds good — too good. 


In real life, the printed circuit board traces exhibit trans- 
mission line effects. Voltages seen at the memory de- 
vice’s pins are not the same as at the output of the regu- 
lator. Overshoots result at the junction of the printed cir- 
cuit board trace and device pins. Thus voltages may ex- 
ceed device specifications. This concern is com- 
pounded since the Vpp supply voltages are unusually 
close to the device’s absolute maximum limit of 14V. 


Figure B1 illustrates an ideal Vpp pulse seen at the out- 
put of a simple low loss transistor that is switching the 
power supply. No overshoot is observed and the Vpp 
pulse settles quickly. The same output is measured 
(Figure B2) at the memory device pins after running the 
printed circuit board trace. 
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Because of mismatching, the PCB trace appears as an 
unterminated transmission line. Ringing can exceed 
20V because of reflections at the junction of the PC 
trace and device pin. This condition is obviously detri- 
mental to the device. The negative overshoot occurring 
on the falling edge of the Ver transition may cause 
equally destructive negative voltages at the device pins. 


Properly controlled Vpp rise time prevents this type of 
overshoot. The closed loop circuits discussed earlier 
eliminate overshoot through controlled edge timings. In 
addition, the referenced circuits protect the Ver genera- 
tor against short circuit damage which also protects the 
memory device. 


The Vpp output recovery when the diode is removed is 
shown in Figure B3. Contrast this with Figure B4. Here 
the diode is in place and the Vpp recovery is smooth. 
Similar considerations apply during power-up/down. 
During application or removal of power, the Vpp genera- 
tor must not produce spurious output pulses. 
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Vpp outputs are predictable and controllable during tran- 
sient power supply considerations as a result of the ref- 
erenced circuit designs. The compensation of the 
LT1072 causes a very overdamped pulse response. In 
addition, the control loops of the circuit are functioning 
even at low supply voltages. Thus the control loop is ac- 
tive before the memory circuits settle and prevent un- 
controlled Ver pulse outputs. 


Note: 


The above circuitry is designed for maximum system protec- 
tion. Should you desire to modify any circuity, it is advisable to 
contact Jim Williams of Linear Technology. 


This Document was adapted from Linear Technology's 


Application Note 31 “Linear Circuits for Digital Sytems: 
Some Affable Analogs for Digital Devotees,” written by 
Jim Williams, February, 1989. 
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Thin Small Outline Package 


THIN SMALL OUTLINE PACKAGE (TSOP) DESCRIPTION 


AMD presents the Thin Small Outline Package. The TSOP is the industry’s leading edge 
plastic, surface mountable memory package today. System requirements for higher den- 
sity and smaller form fit memory arrays are driving this package evolution. TSOP offers a 
form fit close to that of bare die yet provides the added benefit of being shipped from the 
factory completely tested, something not available with bare die. This increases system 
yield because there is no loss due to cleanroom assembly related defects and/or 
parametric failures. In addition to supporting Flash memory technology, AMD may also 
support EPROM (OTP/Express ROM™) technology in TSOP. 


Primary Characteristics 

m JEDEC/EIAJ standard dimensions and 32-pin pinout 

@ Standard and reverse pinout options 

m@ Maximum package thickness of 1.27mm 

This is AMD's initial offering in state of the art small form fit packaging. The 32-pin pack- 


age is available in the 8 mm x 20 mm x 1.27 mm package outline. As densities increase, 
package leadcount will also. 


O 


28F010 
Standard Pinout 


1 
2 
3 
4 
5 
6 
7 
8 
9 


28F010 
Reverse Pinout 


28F010 128K x 8 Flash Memory in 32 Lead TSOP 
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Packaging Evolution 
The continuing trend toward smaller systems and/or higher density memory arrays 


Computers: Desktop Notebook Palmtop 
Disk drives: 3-1/2” 2-1/2"/Flash “Disk” Flash “Disk” 
Instrumentation: Benchtop Portable Handheld - 


has led to a significant evolution in newer small form fit packaging. This trend is outlined 
below. 


Package Type Package Volume (cubic inchs) 
PDIP (100 mil Pitch) 0.18 

Slim DIP (100 mil Pitch) 0.09 

ZIP (100 mil Pitch) 0.072 

SOIC/SOdJ (50 mil Pitch) 0.075 

PLCC (50 mil Pitch) 0.045 

TSOP (20 mil Pitch) 0.01 


The TSOP is not only suited for standard printed circuit board and single in-line Memory 
Module (SIMM) applications, but is the package of choice in the exploding new growth 
area of solid state memory cards. These high volume applications will quickly prove the 
reliability of this new package. 


TSOP packaging is well suited to high density, small form fit systems. This latest evolu- 
tion offers significant packaging volume savings in comparison with the above alterna- 
tives. Increasingly, TSOP is being used in disk drive controller boards, notebook and 
palm top PCs, high density memory subsystems, and PCMCIA 68-pin standard memory 
cards. This is just the beginning. 


An emerging market segment with explosive growth is the PCMCIA 68-pin memory card 
standard. The TSOP can be used to pack both sides of a memory board in order to in- 
crease the memory density available within a given space constraint. In addition, the 
TSOP packaged devices are tested to AMD's standard test flows. This allows AMD to 
guarantee the highest level of quality and long term reliability. 


Minimal Space Requirements 


In addition to the TSOP’s low height profile, maximum board space saving is achieved 
with the dual-in-line and standard/reverse pinouts. Board layers can be reduced because 
traces are routed under the two sides of the package that do not have leads. This allows 
packages to be mounted side by side and end to end. Packages can be mounted end to 
end because AMD offers both standard and mirror image reverse pinout packages (see 
figures below). All pins except chip enable pins can be connected in parallel. This is ac- 
complished by using standard and reverse pinout packages in an alternating sequence as 
shown below. 


HANDLING AND SHIPPING 


Shipping Trays 

TSOP devices will be shipped in JEDEC Standard dimension trays. JEDEC trays all have 
the same outside dimensions for easy stacking for use in manufacturing and storage. 
Trays are designed to prevent TSOP leads from touching any part of the holding tub. 
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SONEUDOUIOUOUE 4 if 


Ss 
x 
bd 
© = Pin 1 indicator for standard bend pinout 
Z\= Pin 1 indicator for reverse bend pinout 
TSOP Cross-Section 
L/F .006° THK Di 


ANA AASAASSSANASASAASANSSASANSSS BE ti“‘<i‘é ‘izé‘séOCOéOCé™é™*C;*;*;*;*CWMBN www wn nnwe 


DWN Set .009° Qo ¢° pad to PCK 
Clearance 


Thin Small Outline Package 


PACKAGE DRAWING* 


< 18.25 me 
18.55 
19.85 


5 BF 
0.40 a 
oo } } 


* For reference ooy. All measurments measured in millimeters. BSC is an ANSI standard for Basic 
Space Centering. Package in development. 
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Am99C10A 


256 x 48 Content Addressable Memory 


DISTINCTIVE CHARACTERISTICS 
@ 256word x 48-bit Content Addressable Memory 
(CAM) 
— Optimized for Address Decoding in Local Area 
Networks (LAN) and bridging applications 


@ Each CAM word has a 48-bit register and 48-bit 
maskable comparator 
— Maskable-bits and maskable-words 


@ 48-bit input word compared against all 256 
words in the CAM in a single cycle 


@ Single and multiple match detection with fast 
on-chip priority address encoder 


@ Single cycle reset on all 256 words of the CAM 
Array 


GENERAL DESCRIPTION 

The Am99C10A is a high performance Content Ad- 
dressable Memory (CAM) with a capacity of 256 words 
and a user-programmable word width of 16 bits or 48 
bits. The Am99C 10A is ideal for use in high speed Ether- 
net and FDDI local area network applications where it 
can function as an address filter and perform the net- 
work address look-up function. It can also find use in Da- 
tabase Machines, File Servers, Image Processing, Neu- 
ral Networks and many other applications. 


The Am99C10A CAM is composed of 256 words, each 
consisting of a 48-bit comparator and a 48-bit register. 
A block diagram of the Am99C10A is shown below. 
When data (the comparand) is presented to the CAM ar- 
ray, asimultaneous compare operation is performed be- 
tween the comparand and all data (256 words) in the 
CAM ina single cycle. When the comparand and a word 
in the CAM are matched, the on-chip priority encoder 
generates a match word address identifying the location 


Publication# 08125 Rev. F 
Issue Date: March 1991 


Amendment/0 


Advanced 
Micro 
Devices 


m@ 100 nsec and 70 nsec cycle time devices 
available 


@ Fiexible operation and diagnostics capability 
through user programmable control logic 


™ TTL-compatible inputs and outputs 


@ Available in a 28-pin 400 mil CERDIP, 300 mil 
plastic DIP and 32-pin PLCC 


mM Low power CMOS technology 
-— 880 mW max. operating power 
— 55 mW max. standby 


of the data inthe CAM. If multiple matches occur, the en- 


coder generates the lowest matched address. Any or all 
bits of the comparand value can be selectively masked. 
The masked bits do not participate in the compare deci- 
sions, allowing comparison on a portion of the data 
word. 


The Am99C10A is user programmable. The user can 
read and write to any location in the CAM Array and to all 
of the Am99C10A internal registers. Each word in the 
CAM array can be loaded with data or set to the empty 
state so that it does not participate in match operations. 
All words in the CAM Array can be set to empty in a 
single cycle. 

The Am99C10A is manufactured with state-of-the-art 
CMOS processing technology. It is assembled in a 
28-pin, 400 mil CERDIP, a 300 mil plastic DIP, a 32-pin 
PLCC package, and requires a single 5-V power supply. 
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BLOCK DIAGRAM 


S 
it 
Command 

Register Register 
CAM Word 0 


Di5—Do 


D/C Priority 
W one aay Encoder 
fF | | reerern-se---= ~ 256 Lines ' 
G , Segment — 8 bits 
E Counter 
f 
‘ 


Register Register 


16-bit /O Bus 
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Am99C10A Block Diagram 
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CONNECTION DIAGRAMS 
DIP PLCC 


G 27 1} Vcc 

Do IC 

Di W 

D2 i= 

D3 FULL 

D4 MTCH 

Ds 15 

De Di4 

D7 Di3 

De D12 

Dg Di4 

Vss Dio 
Vss Vss 
08125-040A 
08125-004A 
Vcc = Power Supply 
Vss = Ground 
LOGIC SYMBOL 
Dis—Do Ls: 
E 
G wae 
DIC ces 
MTCH 


08125-002A 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by acombination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature aoe 

e. Optional Processing 


10 D eee | 
ie e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 

d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 

c. PACKAGE TYPE 
D = 28-Pin Ceramic DIP (400 mil) (CD4028) 
J = 32-Pin Plastic Leaded Chip Carrier 

(PL 032) 

R = 28-Pin Plastic DIP (300 mil) (PD3028) 


b. SPEED OPTION 
—10 = 100 ns 
-70 =70ns 


AM99C10A 


a. DEVICE NUMBER/DESCRIPTION 
Am99C10A 
256 x 48 CMOS CAM 


Valid Combinations 


Valid Combinations Valid Combinations list configurations plannedtobe ~ 
RC, RCB, supported in volume for this device. Consult the lo- 
AM99C10A DC, DCB, cal AMD sales office to confirm availability of specific 
JC, JCB valid combinations to check on newly released com- 
binations, and to obtain additional data on AMD’s 
standard military grade products. 
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PIN DESCRIPTION 

D/C 

Data/Command mode selection, Input, TTL 

A LOW on this input selects the command mode. A 
HIGH on this input selects the data mode. 


W 

Write enable, Input, TTL 

This pin controls the writing of the internal registers and 
the CAM Array. New data may be written into a register 
or memory by forcing the appropriate state of D/C and 
E, and by switching W LOW and back HIGH. 


G 

Output Enable, Input, TTL 

This pin controls reading of the internal registers. A 
LOW on both the E and G inputs gates the selected 
register onto the data bus and turns on the output driv- 
ers. 


= 

Chip Enable, Input, TTL 

A LOW on this input enables the chip operations as 
specified by the state of D/C , W, G inputs and the Com- 
mand Register. A HIGH on this pin powers down the 
chip. This signal must be low during all operations in- 
cluding match. 


D15-0 
Data Bus, 16-bit, Bidirectional, Three-state 


DO is the least significant bit position and Dis is the most 
significant bit position. A HIGH on the Data Bus speci- 


fies logic 1 and a LOW specifies logic 0. The Data Bus is 
not driven by the device when W is LOW, when G is 
HIGH or when chip enable E is HIGH. 


FULL 

Address Full, Output, TTL 

A LOW on this output indicates that all the words in the 
256 address locations in CAM Array are full. AHIGH on 
this output indicates that one or more words in the CAM 
Array are still available or that the FULL output is dis- 
abled. The FULL output is in the HIGH state when E is 
HIGH and is valid otherwise. 


MTCH 

Match, Output, TTL 

A LOW on this output indicates that the masked data of 
the Comparand Register and one or more words in the 
CAM Array are matched. A HIGH on this output indi- 
cates that a mismatch has taken place or that the match 
output is disabled. The match output is in the HIGH 
state when Eis HIGH and is valid otherwise. 


Vec 
Power Supply Pin, Input, +5 Volts 


Vss 
Ground Supply Pin, Input, 0 Volts 
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FUNCTIONAL DESCRIPTION 

The CAM ARRAY is a bank of 256 CAM words, eacha 
combination of a 48 bit wide logic comparator and a 48 
bit register, as shown in Figure 1. The CAM Array com- 
pares a 48 bit input data word against all of its 256 words 
simultaneously for logic equality in one cycle. If any of 
the CAM Array 256 words find an exact match with the 
incoming bit pattern, the CAM Array raises a Match flag 
and outputs the 8 bit address of the matching word. 


AMD zt 


When a Match cycle is initiated, every CAM word com- 
pares each bit in its register against the appropriate bit 
of the incoming 48 bit pattern. Additionally, a logic “1” 
(HIGH level) set in any Mask Register bit will disable that 
bit position in the CAM Array. A match is declared if all 
enabled CAM cells find an exact comparison with the 
input data. The CAM Array word that finds a match acti- 
vates an internal signal called the Match Line (ML). 
There are 256 match lines: MLO to ML255. 


MATCH Bus 
Mask Bus Comparand Bus 
48 bits 48 bits CAM Word Skip =? 
48-bit Register Bit Bit 
Match or 
48-bit Comparator Empty 
ee A=B with Mask 
YW, 
08125-013A 
Figure 1. CAM Word Block Diagram 
Mask Bus Comparand Bus 
Bit K Bit K 
T1 
+5 
Match Line: 
atch Line: ML(N ML(N) 
08125-014A 


Figure 2. CAM Bit Block Diagram 


Each CAM word consists of 48 CAM data bits. Each 
CAM data bit consists of a register bit latch, an exclu- 
sive-NOR comparator, an OR gate for masking, and a 
transistor for performing a 48-bit wire-AND across the 
48 data bits, as shown in Figure 2. The logic comparator 
exclusive-Nors the contents of the register bit with the 


corresponding bit of the Comparand Register. A match 
between the two bits result in a HIGH level at the output 
of the exclusive-Nor gate (XNOR1). The output of 
XNOR‘1 is further gated (Nor function) with a bit of the 
Mask Register. A HIGH level on either one of the inputs 
to NOR1 forces its output LOW, indicating a match. The 
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ML signal will stay HIGH (indicating a match for that 
CAM word) if all48 CAM cells of this word have their T1 
transistors shut off by their NOR1 gates. If any one of the 
48 NOR outputs is HIGH, the ML line will be forced 
LOW, indicating a mismatch. 


The Priority Encoder identifies the address of the CAM 
word that found a match. All 256 comparators of the 
CAM Array receive the same bit pattern for matching at 
the same time, and more than one of them can find a 
match with the masked data. All 256 ML lines are pre- 
sented to the Priority Encoder block that decides which 
comparator of the ones that activate their MLs has the 
lowest address. If at least one ML is active the Priority 
Encoder will activate the MTCH line and at the same 
time will set the MTC bit in the Status Register. The Pri- 
ority Encoder will transfer the 8 bit address of the lowest 
matching CAM Array word to the Status Register. 


Each of the 256 words of the CAM Array has two addi- 
tional bits of memory associated with it — A Skip bit and 
an Empty bit. These are shown in the CAM Word Block 
Diagram. The actual size of the CAM is therefore 256 X 
50 (48+2). Both the Skip and the Empty bits can disable 
a match for their word. The Skip bit can be used in situ- 
ations where there are multiple matches — it gives the 
user the ability to detect additional words that were 
matched other than the one with the lowest address. 
The Empty bit indicates available or empty addresses in 
the CAM into which data can be written. 


CAM Array 
Data 
Words 


256 x 48 


CAM Register 


maa 


Comparand Register oy Mask Register — 


The Empty bit is also used by the Priority Encoder. The 
Priority Encoder identifies the lowest address of an 
Empty CAM Array word if no match occurred in any of 
the 256 words. If a match operation did not result in a 
positive match (the MTCH signal is HIGH) and if the 
CAM Array is not full (the FULL signal is HIGH) the Pri- 
ority Encoder will generate the lowest empty address. 
The 8 bit empty address is accessed by reading the 
Status Register. 


Initializing the CAM 


When powering up the CAM, the data and status bits 
may come up at any state. Opcode 0 is used to globally 
set the Empty bits of the CAM to “1” and reset the Skip 
bits to “0”. Opcode 0 may be used to empty the CAM dur- 
ing system operation. When command write of Opcode 
0 follows a second data write of the 48-bit data write se- 
quence, Opcode 0 must be preceded by Opcode F com- 
mand write (Set Segment Counter) to ensure proper in- 
itialization. 


CAM Registers - Reading and Writing 


The Am99C10A has 5 programmable registers involved 
in data transfers. The Command and Status registers 
are 16 bits wide, and the Comparand, Mask and CAM 
registers are 48 bits wide. Figure 3. is a model of the 
Am99C10A registers and their interaction with each 
other and the CAM Array. Table 1 lists the registers and 
their respective data sources and destinations. 


Command Register 


Address 


Status Register 


08125-015A 


Data Bus Dis—Do 


Figure 3. CAM Register Transfer Model 
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Table 1. Am99C10A Registers 


Data Bus Transfers 


All data is transferred to and from the CAM over the 
16-bit bidirectional Data Bus. Data transfer is controlled 
by a combination of 4 control signals ( E , D/C, W, and 
G), as described in the Pin Description section. 


Data is written into the Am99C10A by placing the data 
on the Data Bus and activating W and E . When D/T is 
low (Command Write cycle), the input data is loaded 
into the Command Register. When D/T is high (Data 
Write cycle), the input data is loaded into the Com- 
parand Register. 


Data is read from the Am99C10A (output drivers en- 
abled) whenG and E are low and Wis high. When D/C 
is low (Status Read cycle) the Status register is gated 
onto the Data Bus. When D/C is high (Data Read cycle) 
one of the data registers is gated onto the Data Bus. This 
register is selected by the contents of the Command 
register. Prior to reading, a command is loaded into the 
Command Register to select which of the internal regis- 
ters is to be read. 


Data can be read from any register by loading the appro- 
priate command into the Command register; however, 
data can be written only to the Comparand register. 
Data to be written to the Mask register or to the CAM ar- 
ray must first be written into the Comparand register and 
transferred to the Mask register or CAM array word by 
writing the appropriate transfer command to the Com- 
mand register. 


48-bit Data Transfers 


Data is transferred to and from the Am99C10A in 16-bit 
words. Data for the 16-bit Command and Status regis- 
ters are transferred in one read or write cycle. Data for 
the 48-bit Comparand, Mask and CAM registers are 
transferred to and from the chip in three cycles. Data 
transfer to and from each 48-bit register is done by divid- 
ing each register into three 16-bit segments. A two-bit 
counter, the Segment Counter is used to select which 
segment of a 48-bit register is to be loaded or read. 


The Segment Counter is a two-bit binary counter that 
counts from 0 to 2 (modulo-three). It can be preset by 
writing a command code of “B”, “C”, “D”, or “F” to the 


Register | Type | Sue | Direction | DataSource | Destination 
ee or ef 


Comparand et D-Bus, OA Array D-Bus, oe Array 
Mask Register Mask Register 
Comparand Register D-Bus, 
Comparand Register 
CAM CAM Array D-Bus, 
Comparand Register 


Command register. In all four commands bits 10 and 11 
(SO, S1) define the binary value (0,1 or 2) to be preset 
into the counter. Note that a value of 3 (S1,S0 = 11) in 
these bits will result in a value of 0 in the counter. The 
counter is also reset to 0 by the Initialize command, Op- 
code “0”. 

The Segment Counter is incremented after each data 
read or write cycle if the CAM is in the 48-bit mode. This 
allows a 48-bit register to be loaded or read in three suc- 
cessive cycles. The counter is clocked by the LOW-to- 
HIGH transition of W in case of a Data Write cycle and 
by the LOW-to-HIGH transition of G in case of a Data 
Read cycle. 


When the Am99C10A is set to 48-bit mode, the user will 
normally execute 3 Data Write cycles or 3 Data Read cy- 
cles in sequence to transfer a 48 bit data word. At the 
end of such sequence the state of the Segment Counter 
is equal to its initial state before the data transfer began. 
This allows continuous 48-bit transfers without having to 
preset the Segment Counter between words. This is 
useful inthe CAM’s normal operating mode of checking 
a stream of 48-bit words for a match. 


Note that reading a 16-bit State word requires only one 
cycle. If the CAM is in the 48-bit mode, this data read op- 
eration will increment the Segment Counter. Any subse- 
quent cycles that use the Segment Counter have to take 
this into account. 


16-bit Mode Data Transfers 


In 16 bit mode the Segment Counter is not incremented 
and it points to one of the three segments of the Com- 
parand, Mask and CAM Registers. Writing and reading 
the selected segment of those registers is achieved in 
one cycle. However, internal transfers between the reg- 
isters and the CAM Array as well as the Match operation 
are done on all 48 bits. 


CAM Array-Reading and Writing 


To write a word into the CAM Array, the data is first 
loaded into the Comparand register and then trans- 
ferred from the Comparand register to the register in the 
selected CAM word by executing a transfer command. 
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The transfer command is executed by writing a com- 
mand word (command code = 6 or E) into the Command 
register. The transfer command contains the address of 
the CAM word to be written. 


To read a word from the CAM Array, data is transferred 
from the CAM array to either the Comparand or CAM 
registers by writing the appropriate command (com- 
mand code = 7 or D, respectively) into the Command 
register. The transfer command contains the address of 
the CAM word to be:read. The CAM Array word is then 
read from the register selected by the command. 


Writing into the Skip or Empty bit ina CAM word is done 
directly by writing the appropriate command code (com- 
mand code = 9 or A, respectively) into the Command 
register. The command word contains the value of the 
Skip or Empty bit to be written and the address of the 
CAM word containing the bit. 


The same command codes (9 or A) which are used to 
set a specific Skip or Empty bit can also be used to set all 
Skip or Empty bits in the CAM array. If bit 110f these 
command words is a one, the address portion of the 
command is ignored and the value of the Skip or Empty 
bit is written into all words of the CAM array. This is use- 
ful in clearing all Skip and Empty bits. 


The Skip and Empty bits of a CAM word are also cleared 
to zero when data is written into the CAM using com- 
mand code E. This allows writing a new word of data 
into an empty CAM word without requiring an extra cycle 
to clear the Skip and Empty bits. 


The Skip and Empty bits of all CAM words can be preset 
to the empty state by writing an Initialize command 
(command code = 0) to the Command register. Initialize 
clears all Skip bits to zero and sets all Empty bits to one, 
corresponding to an empty CAM condition. 


To read the Skip and Empty bits of aword from the CAM 
Array, the State Memory is selected as the source of 
data driving the Data Bus by writing the appropriate 
command (command code = 5) into the Command reg- 
ister. That command contains the address of the CAM 
word whose state is to be read. The State word (i.e., the 
Skip and Empty bits of the CAM Array word) are then 
read directly. Reading the State word requires only one 
Data Read cycle. 


Match Operations 


Comparison of data in the Comparand against the 256 
words of data in the CAM array is called a match opera- 
tion. The result of a match operation is a match address 
which appears in the Status register and the activation 
of the MTCH and FULL flags. 


A match operation can be initiated by writing a com- 
mand into the Command register or by writing data into 
the Comparand register. A match operation begins after 
a single data write to the Comparand Register in 16-bit 


mode or after three data write cycles to the Comparand 
Register in 48-bit mode. Note that the E line must be 
kept low forthe match time, twape or twmpeas after write 
start to allow the match to occur. 


lf a match occurs, the MTC bit is set in the Status regis- 
terandthe MTCH pin is activated if it has been enabled. 
The address of the word that matched appears in the 
lower 8 bits of the Status register. If more than one 
match occurs, the MUL bit is set in the status register, 
indicating a multiple match. In this case, the match ad- 
dress is that of the match word with the lowest numerical 
address. If no match occurs, the MTC bit and MTCH 
flag are not set, and the address is that of the first empty 
word, i.e. the empty word with the lowest address. 


Both MTCH flag and MTC bit change their state upon 
16-bit and 48-bit data write cycles, and upon command 
write cycle for commands 9 and A. Commands 3, 4, 6, 7 
and E change the state of the MTC bit only but do not 
affect the physical MTCH flag. 


The match flag access time is measured from a high-to- 
low transition of W to the transition of MTCH flag. The 
state of the MICH flag changes after the high-to-low 
transition of the Wline on the third data write in the 48-bit 
mode, on each high-to-low transition of W in 16-bit 
mode, and after each high-to-low transition of W for 
command writes which initiate a match. (See Table 2.) 


Match and Full Flags 


The Am99C10A has two output signals that indicate its 
status - Full, FULL and Match, MTCH. 


The Full signal, FULL, indicates whether the CAM Ar- 
ray is full or not. A low level on FULL indicates that all 
256 words of the CAM Array are full. AHIGH on this out- 
put indicates that one or more words in the CAM Array 
are still available or that the FULL output is disabled. 
The FULL output can be disabled ( = HIGH) under pro- 
gram control or when the chip is disabled (Chip Enable 
E is high). 


The Match signal, MTCH, indicates whether a match 
has been detected, i.e. that the masked data of the 
Comparand Register and one or more words inthe CAM 
Array are matched. A HIGH on this output indicates that 
a mismatch has taken place or that the match output is 
disabled. The MTCH output can be disabled ( = HIGH) 
under program control or when the chip is disabled 
(Chip Enable E is high). 


Status Register Format 


The Status register shows the results of match opera- 
tions and the contents of the Segment Counter. The 
State Register is read onto the Data Bus by executing a 
Status Read cycle. Since it takes time to encode a 
match address (twmpe), the Status Read cannot immedi- 
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ately follow a Command Write cycle or a Data Write cy- 
Cle if a valid match address is sought. A time delay of 
(twape) after the last command or data write before 
reading the Status register will guarantee proper ad- 
dress encoding. A Status Read operation does not af- 
fect the state of the flags or other register contents. 


The Status Register has 3 fields - the Address field (Ao - 
A7), the Segment Counter State (SO - S1) and the Flags 
field (MTC, MUL and FUL), as shown in Figure 4. 


MTC 

A LOW on MIC (Di5) indicates that at least one word in 
the CAM Array and the masked data of the Comparand 
Register are matched. A HIGH indicates that no word in 
the CAM Array found a match. The MTC bit is the same 
as the match output signal MTCH during data writes 
and commands 9 and A. 
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MUL 
ALOW on MUL (D1,4) indicates that two or more words in 
the CAM Array match the masked data of the Com- 
parand Register. It is activated during a Match operation 
and latched by an internal clock at the end of the Match 
cycle. 


FUL 

ALOW onFUL (D13) indicates that the CAM Array is full. 
The FUL flag is the same as the full output signal FULL 
except the FUL flag cannot be disabled. It is activated 
during a Match operation and latched by an internal 
clock at the end of the Mateh cycle. 


$1, SO 

The Segment Counter bits (SO - S1) are driven by the 
two flip-flops that comprise the Segment Counter. 
These two bits (D10 and D11) reflect the current state of 
the Segment Counter. 


15 14 


13 12 10 9 8 
mre | mut {| Fu] o | si: | sof] _o | o | 


* 0 
Address 


—_~ 
— 
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Figure 4. Status Word Bit Assignment 


A7-Ao 

Lowest address of the matched word in the CAM when 
data in the Comparand Register and the data in the 
CAM are matched (MITCH =L, MTC =L and FULL = 
don’t care). Lowest address of empty 48-bit word in the 
CAM when data is mismatched and the CAM is not full 
(FULL = H). Address is undefined when data is mis- 
matched and CAM is full. After initialize, A7 — Ao holds 
the value FF (Hex). Once a data read or write or a com- 
mand write is executed, A7 — Aoholds the address of the 
first match or the first empty location. 


Command Register Format 


The Am99C10A can execute a variety of commands. 
Each command is executed by writing the appropriate 
command word to the Command register. All com- 
mands are executed during the write pulse applied to 
the the write clock, W. The format of the Command 
Register is shown in Figure 5, and a summary of the 
commands is shown in Table 2. 


8 7 0 
A7—Ao 
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15 12 11 10 S 
F3-Fo Si kel dee ss ee, ey ae 
F3-FO A 4 bit Instruction Code which defines one of sixteen commands. 
SO - $1 Modifier bits for the various commands. 
Ao - A7 An Address field which selects one of the 256 CAM Array data or State words. 
Bits 8, 9: Not used. 


Figure 5. Command Register Bit Assignment 
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Table 2. 99C10A Command Summary 


ae es | ee 
ia ae RS SS Ser a 
eae ae a er ae 
[2 | remobnnesesoen mma’ x | xt x 
8 conparanaog.->masktee | x | x | x | San 
[4 wast Rog. > comparananeg [x | x | x | san 
Sasa eo 
a 


CAM Array --> Comparand Reg. {2 CAM Data eee si 


Reserved 


Skip Control Per Word aan ons at 
All Words Skip 

Empty control Per Word Empty CAM State 
All Words Empty X 


——- Comparand Reg. --> Data Bus Segment Counter 


Mask Reg. --> Data Bus Segment Counter 
cae CAM Array --> CAM Reg. --> Data Bus Segment Counter} CAM Data [ope es eat 


ee ae Comparand Reg. -->CAM Array, clear S +E Pe eS CAM Data a 
Set Segment Counter ‘Segment Counter Bees eee 


~x< 


x< 


~< 


x 
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Am99C10A COMMAND DESCRIPTIONS 


Op Code 0 
Initialization 


All Skip-bits are set to “O” (LOW level) meaning—don’t 
skip, and all Empty-bits are set to “1” (HIGH level) mean- 
ing-empty. This is equivalent to resetting the CAM Ar- 
ray. The MICH and FULL outputs are enabled. The 


Op Code 1 
Flag Output Control 
15 14 13 12 11 10 9 


08125-019A 


mode is set to 48-bit mode. The Mask Register and Seg- 
ment Counter are reset to zero. Subsequent data writes 
and reads are to and from the Comparand Register. 


r4 6 5 4 3 2 1 0 


(is a A. WIR es Pee UU ee mie es. ae as eae 


This command controls the enable and disable of the 
FULL and MTCH status output pins. The SO and S1 
fields of this command are latched into the control logic. 
Once loaded, they control the status output pins FULL 
and MTCH as follows: When S0 is 0, the FULL output 
is disabled and remains unconditionally HIGH. When SO 


08125-020A 


is 1, the FULL output is enabled and may be asserted 
when E is low. When S1 is 0, the MITCH output is dis- 
abled and remains unconditionally high. When Stis 1, 
the MTCH output is enabled and may be asserted if E is 
low. 


Pl re oe hae es 


This command sets the 99C10 into the 16-bit or 48-bit 
mode. The S1 bit in the command is loaded into the 
16/48-bit mode control register. The 16-bit mode is en- 
abled when S1 is 0, and the 48-bit mode is enabled 


08125-021A 


when S11 is 1. The Am99C10A will remain in the mode 
selected until another Command Write is executed with 
Op Code “0” or “2”. 


Op Code 3 
Move Comparand Register to Mask Register 
15 14 13 12 11 10 9 


The 48-bit contents of the Comparand Register is 
loaded into the Mask Register. The Segment Counter is 


Pap oe. ee 


08125-022A 


not affected. A Match cycle will begin automatically fol- 
lowing this command. 


Op Code 4 
Move Mask Register to Comparand Register 
15 11 10 9 


The 48-bit contents of the Mask Register is loaded into 
the Comparand Register. The Segment Counter is not 


7 6 5 a 3 2 1 0 


14 13 12 
“0 Be Re (a Re 


08125-023A 


changed. A Match cycle will begin automatically follow- 
ing this command. 


- 
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Op Code 5 

Enable Output from State Memory to Data Bus 

CRORES 7 SSI, | ROE SRS SAR: Se FRM ARAN : SOG Ie ae see Ae eee See Maer 3 2 
hac es GEA es Se SN ec ee ee. am 


08125-024A 


This command selects a State word in the CAM Array as of the bus are driven LOW. The Segment Counter is not 
the source of data to be read. The Skip-bit and Empty-bit changed. 
appear on bits D14 and D15 of the Data Bus, all other bits 


Op Code 6 
Move Comparand Register to CAM Array 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Bae Fo See aka Hse kT Sa RRR 5" Rs NRA OS ei ae 5 


08125-025B 


The 48-bit contents of the Comparand Register are writ- changed. The CAM Array address is specified by the 
ten into the CAM Array data word. The 16/48 bit mode Command Register address field. The Segment 
select setting does not affect this instruction. The Counter is not changed. A Match cycle will begin auto- 
Empty-bit and Skip-bit in the State Memory are not matically following this command. 


Op Code 7 
Move CAM Array to Comparand Register 

15 14 13 12 11 10 . 8 7 6 5 4 3 2 1 0 
Pe ee Se Se RS ee cee A7— Ao 


08125-026A 


The 48-bit contents of the CAM Array data word speci- State Memory is not changed. The 16/48 bit mode select 
fied by the address field are loaded into the Comparand setting does not affect this instruction. A Match cycle will 
Register. The Segment Counter is not changed. The begin automatically following this command. 


Op Code 8 
Reserved 
15 14 13 12 11 10 g 8 7 6 5 4 3 2 1 0 
Diss Sa ae ee Ea Geen ee eae, see 
08125-027A 
Op Code 9 
Skip-bit Control 


15 14 13 12 11 10 9 8 7 6 5 é 3 2 1 0 
Reith a oes mo an 02 Cae! SSCs BS A Re, ee, ele 
08125-028A 
When bit 11 in the Command Register is LOW, SO is Match cycle will begin automatically following this com- 


loaded into the Skip-bit within the State word location mand. 
specified by the Command Register address field. A 


15 14 13 12 11 10 9 8 7 6 5 ee 2 1 0 
povprsaie i tied: orbs pad a1 A Bac fii sc yor: be aint Used 2) afoot aa ay 
08125-029A 


When bit 11 in the Command Register is HIGH, SO is Counter is not changed. A Match cycle will begin auto- 
loaded into all skip-bit memory locations. The Segment matically following this command. 


or 
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Op Code A 
Empty-bit Control 


15 14 13 


* 6 5 4 3 2 1 0 


12 11 10 9 8 
ety et fo fe} s | Neier | rhe 


When bit 11 in the Command Register is LOW, SO is 
loaded into the Empty-bit within the State word location 
specified by the Command Register address field. A 


08125-030A 


Match cycle will begin automatically following this com- 
mand. 


8 7 6 5 4 3 2 1 0 


13 
Se as ES Eee Ses Se Ee ee eee ee ea 


When bit 11 in the Command Register is HIGH, SO is 
loaded into all Empty-bit memory locations. The Seg- 


08125-031A 


ment Counter is not changed. A Match cycle will begin 
automatically following this command 


Op Code B 


Enable Output from Comparand Register to Data Bus 


15 14 13 12 11 10 9 


SEES BABIES 2S ot Be Se eee eee Be Se 


This command selects the Comparand Register as the 
source of data to be read. The SO and S1 data in the 
Command Register are clocked into the Segment 
Counter at the end of this Command Write cycle. When 
SO and S1 are both 0 or both 1, the Segment Counter is 


Op Code C 
Enable Output from Mask Register to Data Bus 


15 9 


08125-032A 


reset to zero. Subsequent Data Read operations result 
in data flowing from the Comparand Régister segment 
specified by the Segment Counter to the Data Bus. In 48 
bit mode each Data Read cycle will automatically incre- 
ment the modulo-three Segment Counter. 


14 13 12 11 10 
Ss Bee Be ee ae ee 


This command selects the Mask Register as the source 
of data to be read. The SO and S1 data in the Command 
Register are clocked into the Segment Counter at the 
end of this Command Write cycle. When SO and S1 are 
both 0 or both 1, the Segment Counter is reset to zero. 


Op Code D 
Move CAM to CAM Register, Enable Output from 
CAM Register to Data Bus 

15 14 13 12 11 10 ag 


This command selects the CAM Register as the source 
of data to be read. The SO and S1 data in the Command 
Register are moved to the Segment Counter. When SO 
and S1 are both 0 or both 1, the Segment Counter is re- 
set to zero. The CAM Array word specified by the ad- 
dress field is transferred to the CAM Register. Subse- 


» 


08125-033A 


Subsequent Data Read operations result in data flowing 
from the Mask Register segment specified by the Seg- 
ment Counter to the Data Bus. In 48 bit mode each Data 
Read cycle will automatically increment the modulo- 
three Segment Counter. 


08125-034A 


quent Data Read operations result in data flowing from 
the CAM Register segment specified by the Segment 
Counter to the Data Bus. In 48 bit mode each Data Read 
cycle automatically increments the modulo-three Seg- 
ment Counter. 
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Op Code E 


Move Comparand Register to CAM (Set Empty-bit and Skip-bit LOW) 


11 


8 7 6 5 4 3 2 1 0 


15 14 13 12 10 9 
es Ce Es Bes ee eee Ar ~ Ao 


The 48-bit contents of the Comparand Register is writ- 
ten into the CAM Array data word specified by the ad- 
dress field. The 16/48 bit mode select setting does not 
affect this instruction. Both the Empty-bit and the Skip- 
bit in the State Memory address specified by the Com- 


08125-035A 


mand Register address field are set cleared to zero (Not 
Empty and Don’t Skip). The Segment Counter is not 
changed. A Match cycle will begin automatically follow- 
ing this command. 


Op Code F 
Set Segment Counter 


15 14 9 


7 6 5 a 3 2 1 0 


13 12 11 10 8 
Se. Se RS? Sen Sea ee ee cra . eee a 


This command clocks the data in S1, SO into the Seg- 
ment Counter. When S1, SO are both 0 or both 1, the 
Segment Counter is reset to 0. 


08125-036B 


Typical Command Sequences 

The following are examples of some common se- 
quences of commands. Most command sequences as- 
sume segment counter set to zero. 


Power-up Initialization 


After power-up, the CAM must be initialized. This is 
done by executing the Initialize command. All the CAM 


For 48-bit mode: 
Command Write 0000 = Initialize 
For 16-bit mode: 


Command Write 0000 = Initialize 
Command Write 2000 = Mode Select 


Loading CAM Array with Data 


After initialization, the CAM must be loaded with data in 
order to be used. Since all locations are initialized to the 
empty state, the CAM can be loaded starting from ad- 
dress zero. This is done by loading the Comparand reg- 


words are reset to the empty state, and the device is set 
up in the 48-bit mode. Another command is needed if 
the16-bit mode is desired. 


(16/48 mode is set automatically to 48 bit mode) 


(16/48 mode is set automatically to 48 bit mode) 
(S1=0, Set mode to 16 bit) 


ister and writing a command with an op code of E, which 
will transfer the data to a specified CAM word and clear 
the Skip and Empty bits of that word. 


Filling the CAM in the 48-bit mode is normally done using the following command sequence: 


Set Segment Counter to zero 

Data Write (Dis -- Do --> Comparand Register (15-0)) 

Data Write (D1s -- Do -->Comparand Register (31-16)) 

Data Write (Dis -- Do -->Comparand Register (47-32)) 

Command Write EOXX = Comparand Register -->CAM Array + Clear S+E 
(Repeat for every CAM Array word to be loaded.) 
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Filling the CAM in the 16-bit mode is done using the following command sequence: 


Set Segment Counter to zero 

Command Write BX00 = Comparand Register -->Data Bus (Load Segment Counter) 

Data Write (Dis -- Do -->Comparand Register) (segment selected by counter) 

Command Write EOXX = Comparand Register -->CAM Array + Clear S+E (all 48 bits are written). 


Repeat the last two steps for every CAM Array word to be loaded. 
Repeat all three steps when a different 16 bit segment is to be loaded. 


Load Mask Register 


The mask register is loaded by writing the data into the transfer the data from the Comparand register to the 
Comparand Register and then writing a command to Mask register. 


Set Segment Counter to zero 

Data Write (Dis -- Do -->Comparand Register (15-0)) 

Data Write (Dis -- Do -->Comparand Register (31-16)) 

Data Write (D15-- Do -->Comparand Register (47-32)) 
Command Write 3000 = Comparand Register -->Mask Register 


48-Bit Compare for Match (48-bit Mode) 


To perform a match operation on new data, the data to the Status register. Note that no special command is re- 
be tested is written into the Comparand register, time is quired to start the match: it begins after the last word is 
allowed for the match operation to be performed, and loaded into the Comparand register. 

then the match flag and match address are read from 


Set Segment Counter to zero 

Data Write (D15 -- Do -->Comparand Register (15-0)) 

Data Write (D1s-- Do -->Comparand Register (31-16)) 

Data Write (Dis -- Do -->Comparand Register (47-32)) 

Allow time for Match operation 

Check MTCH output pin after twmaras or twma; Status Read, 
check bits 13, 14 and 15 (MTC, MUL, FUL) after twmaras or twmpe. 


Check for Multiple Matches 


Typical match operations yield a single match. Some successively reading the current lowest address, setting 
applications, however may yield multiple matches. In its Skip bit, and reading the next lowest address, etc., 
this case, the addresses of each match may be read by until no matches are left. 


Status Read, bit 15 (MTC) = 0, bit 14 (MUL) =0 
Status bits 7-0 contain the address of the lowest word in the CAM that found a match. 
Read and save the match address, use it to form the next command 


Command Write 94XX = Skip Control - F(9), set bit 11(S1) = 0, set bit 10 (SO) = 1(Skip), 
Set the Skip bit: Command bits 7-0 to the lowest matching word address. 


Wait for the next Match operation to complete and the Status register to settle 

Status Read 
Check MTC for match, save the address if MTC =0 
Status bits 7-0 contain the address of the lowest word in the CAM that found a match. 
Read and save the match address, use it to form the next command 


Repeat the last three steps until there are no more matches 
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Finding and Loading an Empty Location 


A CAM word may be empty since initialization or it can 
be declared empty by setting its Empty bit. Data is 
added to the CAM by finding an empty location and writ- 
ing into it. This is done by loading the data to be written 
into the Comparand register and checking for a match. If 


Set Segment Counter to zero 

Data Write (D15 -- Do -->Comparand Register (15-0)) 
Data Write (Dis -- Do -->Comparand Register (31-16)) 
Data Write (D15 -- Do -->Comparand Register (47-32)) 
Allow time for Match operation and priority encode. 


the data is not already stored in the CAM, the match op- 
eration will respond with the address of the lowest empty 
word. The address of the empty location may be used to 
write the new data into the CAM. If a match is found, a 
copy of the data already exists in the CAM. 


Status Read, check bits 15 (MTC) should be 1, and 13 (FUL) should be 1, 
Bits 0-7 contain the address of the lowest empty word in the CAM. 
Command Write EOXX = Comparand Register -->CAM Array + Flags, 
Bits 0-7 should have the address of the empty word from the Status Read. 


Reading Data 
To read the contents of a word in the CAM Array 


Command Write DOXX = CAM Array -->CAM Register -->Data Bus, 


Bits 0-7 indicate the address of the word to be read. 


Data Read - (CAM Register (15-0) -->D1s- Do) 
Data Read - (CAM Register (31-16) -->Dis - Do) 
Data Read - (CAM Register (47-32) -->D1s5 - Do) 


Example of a Command Sequence 


Table 3 shows the control signals, data bus contents 
and Segment Counter contents for a typical command 
sequence. The sequence consists of initialization, filling 
the CAM Array, and loading the Mask Register. A data 


pattern is then loaded into the Comparand Register, a 
match is executed and the sequence terminates with the 
reading of the Status Register. 
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Table 3. Command Sequence Example 


Data Segment 
Bus _ Counter _ 


Cycle Type instruction E DICW G _ (Hex) Before After Operation 
Command Write Initialize L 6: A SOx ee 00 Set default conditions (repeat) 
Data Write oe L Gs Oeice 5 3210 £00 01 Dis-Do—> Comparand Reg (15-0) 
Data Write wee L lage ote | 7654 01 10 Dis-Do —> Comparand Reg (31-16) 
Data Write a E: H C H BAQM8B = 10 00 Dis—-Do —> Comparand Reg (47-32) 
Command Write Comparand Reg. —> CAM L LSC oH Bee 00 "BA9876543210" into CAM word 0 
: < ; 
t 4 ‘ ‘ i] 
| L] s t t 
Data Write oa L Hs: A 1111 00 01 Dss-Do —> Comparand Reg (15-0) 
Data Write soem L 4G ie BO 2 at 10 D1s-Do —> Comparand Reg (31-16) 
Data Write a L HM: C.. Hy: €444 =. 10 00 Dis-Do —> Comparand Reg (47-32) 
Command Write Comparand Reg. —> CAM L i. he > EOE Ue 00 "444422221111" into CAM word 255 
Data Write aa G |: oe Oe OOFF ° OO 01 Dis—-Do —> Comparand Reg (15-0) 
Data Write a L ee See 0000 O01 10 Dis-Do —> Comparand Reg (31-16) 
Data Write a L HO Eee 00 Dis—-Do —> Comparand Reg (47-32) 
Command Write Comparand Reg. —> Mask Reg. L tL Cc H 3000 00 00 "FFOOQOQOO00FF” into Mask Register 
Data Write — & HC Ho. 765 4:=-00 01 Diss-Do —> Comparand Reg (15-0) 
Data Write — L WC He SBA SH 10 Dis-Do —> Comparand Reg (31-16) 
Data Write —— L H.C ~ Bh Fee --19 00 Dis—-Do —> Comparand Reg (47-32) 
Wait (Match) se L > eee > Meee 5 XXXX 00 00 Compare "XXDCBA9876XX” against CAM 
Wait (Encode) a L A Re ES RAR 00 Encode match address —> Status reg 
Status Read coe L Se . eee” Status 00 00 Check Flags 
L=LOW 
H = HIGH 
C =LOW going pulse 
CAM Applications 
Content Addressable Memory (CAM) devices have many applications to be developed which were not prac- 
many potential applications. The availability of high den- tical in the past because of lack of CAM devices. Some 


sity CAM devices such as the Am99C10A will allow of these application areas are: 


Local Area Network (LAN) bridge address filtering 
Local Area Network (LAN) ring message insertion and removal 


Data base machine support - Search and sort accelerators 

Pattern recognition - String search engines, etc. 

Image processing and machine vision - Pattern recognition, Image registration, etc. 
Neural net simulation 

Al language support - (LISP, etc.) garbage collection support, PROLOG accelerators, etc. 
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Local Area Network Bridge Address Filtering 


Bridges between high speed Local Area Networks 
(LAN) provide a good example of CAM use. A LAN 
bridge provides transparent communication between 
two networks. An example is a bridge between a 


100MBit/second FDDI network and an Ethernet net- 
work. A block diagram of such a network system is 
shown in Figure 6, and a block diagram of the bridge is 
shown in Figure 7. 


10 MHz 10 MHz 
Ethernet 1 poheies Ethernet 
Loop 


Workstation 157E CPU 2 
Workstation 231A 


Bridge B 


Workstation 34E5 


Ws A351 | 


Workstation 562C 
Workstation 44D5 


Workstation 13EB 


08125-038A 


Figure 6. FDDI-Ethernet Network System 


The function of the FDDI-Ethernet bridge is to pass mes- 
sages between the two networks in order to allow the 
various workstations to communicate. Messages are 
sent according to unique 48-bit addresses assigned to 
each workstation. Each message contains the source 
address and the destination address. The notations 
shown in the workstation boxes in Figure 6 are assumed 
to be examples of these addresses: e.g. 157E, 231A, 
etc.. F 


Let us assume that workstation 562C sends a message 
to workstation 231A. In order for this to occur, the first 
FDDI-Ethernet bridge must pass along the address to 


the FDDI loop. The second bridge must recognize that 
the message is for one of the workstations on its Ether- 
net LAN and pass it along to workstation 231A. 


The problem for the FDDI-Ethernet bridge is to recog- 
nize-in time-that the message is for a station on its 
Ethernet LAN and no other. There could be 4000 work- 
stations on the Ethernet LAN. This means that the 
bridge must check the message destination address 
against 4000 addresses in order to determine whether 
to accept the message and pass it on to the Ethernet. 
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Address identification must be done quickly. The mes- 
sage acceptance decision must be made before the arri- 
val of the next message, i.e. within the minimum mes- 
sage time. If the minimum message length is 9 bytes on 
a 100 mbit/sec FDDI network, the decision must be 


10 MHz Ethernet 
Ethernet Node 
Bus Controller 


Pass Message 
to Ethernet 


AMD &4 


made in 720 ns, including 480 ns to acquire the address. 
The Am99C10A can do the job in 480+100=580 ns. At 
these speeds, the Am99C10A is not only effective, it is 
the only practical, cost effective approach. 


100 MHz 
FDDI Out 


100 MHz 
FDDI In 


Address 
Filter 


Address Match 
(Msg for this net) 


Message 
Accept 
Logic 
08125-039A 


Figure 7. FDDI-Ethernet Bridge Block Diagram 


nnn nner nnr rescence esas rence SSS SS SSS SSS SSS SSS SS SS 


5-22 Am99C10A 


AMD cl 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature —65 to +150°C Commercial (C) Devices 

Voltage on Any Pin with Respect Case Temperature (Tc) 0 to + 70°C 

to GND -0.5to+7.0V Supply Voltage (Vcc) +4.50 to +5.50 V 
Stresses above those listed under ABSOLUTE MAXIMUM Operating ranges define those limits between which the func- 
RATINGS may cause permanent device failure. Functionality tionality of the device is guaranteed. 


at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device reli- 
ability. 


DC CHARACTERISTICS are valid over the operating range unless otherwise specified. 
All values are guaranteed maximum type limits. 


Parameter a ee TS 
Symbol | Parameter Description | Test Conditions | Min. | Max. | Min. | Max. — 


ees Ce Te 2S 
ar Tiegeieaeet fect leat ee 
[vn [input High Voage | ————~Sw 22 [vce | 22 | Veo S| 
[Va [input Low Votage (Weta) | -05| 08 |-os| o8 |v 
a CS 


Output Leakage Current} Vss < Vout < Vcc 
E>VinorG> Vin 

Ioc1 Static Operating E>Vit 
Supply Current 

Icc2 Dynamic Operating Cycle = 48-bit Data Write sa 
Supply Current, 
48-bit mode 

Icca Dynamic Operating Cycle = 16-bit Data Write 130 
Current, 16-bit mode E> Vi, f = 1Awe 
Standby Current E>Vin mA 
TTL Input Levels Vcc Max. 
Standby Current E> (Vcc — 0.2 V); Vin< 0.2 V or mA 
CMOS Input Levels Vin = (Vcc — 0.2) 
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AC CHARACTERISTICS 


Parameter 
Symbol Parameter Description (Note 2) 


| Min. | | Min. | 

commen oo ff 
a 
he 


Read Cycle Parameters 
|_Readcyclepulsewidth | 45_ 
[ Readrecoverytime S| 
[OutputenabietimetolowZ ‘| 10 
[Output disable timetohighz «| 5 
Bie: 
Baeces 
Pees 


“oe o| 2 
ad N 


ant 
Pe) 
QO 


Write Cycle Parameters 
Wiese  f 
twe | Writepuisetime | OT 
| _Writerecoverytime = | 25 | 
aaa 


Data setup time before write 


aa 

i ia ee ee 

|_Dataholdtime after write start | 15 eee 
|_ Match flag access afterwrite stat | | 125 || 175 

i See a 

aes Led 


6,7 


Full flag access after write end 


2 
Priority encode after write start 
Write Cycle Parameters — 48-Bit Data Write Mode Only 


mom] Wie es eT 
i (wa 
eS 
Priority encode after write start Bees 


Notes: 

1. Parameter guaranteed by design and characterization data but not 100% tested. 

2. Test conditions assume signal transition times of 5 ns or less, timing reference levels of 1.5 V, input pulse 
levels of 0 to 3.0 V and output loading of the specified IOL/IOH and load capacitance (see test load A in 
switching test circuits) unless otherwise noted. Output timing reference is 1.5 V. 

. Test load B. Disable time is measured as the time to a +500 mV change from prior output level. 

. Wand G may not overlap: i.e., may not both be low at the same time (while E is low). 

. Data hold and match timings with respect to leading edge of W. 

. Test Load C applies. 


7. AG HIGH to LOW transition will cause the MTCH and FULL flags to be in an undefined state for a period = tra. 


oO 
N 


om hk w 


CAPACITANCE* 


Cg re 
Symbol | Parameter Description Test Conditions 

| Ci___|inputCapacitance | f= MHz,Vw=OV | 
Notes: 

1. These parameters are guaranteed by characterization but not tested. Measurements performed at Ta = +25°C. 
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Data Transfer Control Signals 


CONTROL SIGNALS 
OPERATION MODE De 


ee 
ii eee Be 


Icc1, Icc2 
Icci, Icc2, Ioc3 


Data Out Icc1, Ilcc2 


eee 
Ed 
pH ft | bataou loc, looe 
Hea 


ae 
eee dl 
hed ee 
| Output Disabled | LX 
Pe Santy | ex 
Roe ee Ee ee 


ory ae Sa 
3 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


Must Be 
Steady 


May 
Change 
from H to L 


May 


Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


OUTPUTS 


Will Be 
Steady 


Will Be 
Changing 
from HtoL 


Will Be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High 
Impedance 
“Off” State 


AMD Pa 


KS0000 10 


SWITCHING WAVEFORMS 


tRC 


ee 
ee 
wae aaa 


a = 


mi 
y, 


a 


=| 


__Do-Dis ae ee 
FULL, MITCH toLz tOHZ 


08125-008B 


Note: 


tOLZ and toHz may be measured from E transitions provided G is Low. 


Read Timing Diagram 
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SWITCHING WAVEFORMS 


FULL “acca cocamen Valid 
MTCH LKKKKKKKEKKKKKKK£KKKKKKKCP Valid 


tWMPE 


08125—009B 


Write Timing Diagram 


Data Write 0-15 Data Write 16-31 Data Write 32—47 Match Status Read 
Match Address 


GER 

ities 5 tee 
oe ee ee 

: eee 


08125-010B 


Match Timing Diagram (Reference) 
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SWITCHING TEST CIRCUITS 


Vcc Vcc 


1.5K 1.5K 
Data Out Data Out 
08125-011A 08125-012A 
Test Load A Test Load B 
Vcc 
1.5K 
Data Out 
750 30 pF 
08125-041A 
Test Load C 
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CMOS First-In First Out (FIFO) 
Memories 
An Introduction to FIFO Memories ................ 0... cc cece cece eens 6-3 
High Density FIFOs 
PE ete 5 NP oe ie RG bv hse apis cs vote ea eae ds 6-5 
PINT 201 BIS 8S WEE TS occ cet vas ccuseledes Sek 6-19 
Am7202A - 1.024x9 wait GF. FF HE-+ 1 Flags... kc i ea as 6-34 
Am7203A 2,048 x9 with EF, FF, HF +1Flags......................5. 6-51 
Am7204A 4,096 x 9 with EF, FF, HF +1Flags........................ 6-68 
AMT eO5A 8.482 4S Weer Per + 1 PIR ce te ea eo 6-85 
Low Density FIFOs 
67C401/13 64x 4 10/15, 25/35 MHz, Cascadable, 
67C402/23 64x 5, 10/15, 25/35 MHz, Cascadable ..................... 6-99 
67C4033 64x 5 with Flags, 10/15 MHz, Cascadable,Three State ........ 6-109 
Application Specific FIFOs 
Am4601 512x9, Two Programmable Flags (1 to 511),Programmable 
PME Estee 5a ice tees OA CON owe BSI ER 6-120 
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Bypass Mode, Programmable AE/AF Flags .................. 6-133 
674219 Fete RN IN ook) oie ee il oy ka oo Le cgkek ee 6-152 
Basic FIFO Desin COnpiiernnons 6s i ses ee a hon cee adv paw eess 6-170 
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SECTION 6 
Introduction to First-in First-Out 
(FIFO) Memories 


WHAT IS A FIFO? 

First-in First-out (FIFO) memory provides temporary storage for data words. The dual-port 
memory device stores the data sequentially; therefore, the first word written to the input 
port of the FIFO will be the first word available to be read at the output port, followed by 
the 2nd word, etc. The input and output ports work independently. 


Additional data words can be stored in the device as long as the current number of data 
words stored is less than the number of physical memory locations. When the FIFO is full, 
the device will be inhibited from reading additional words. Likewise, data words can be 
read from the FIFO as long as data is currently stored within the FIFO. If no data words 
are currently stored, then the output port of the FIFO will be inhibited from sending data. 


WHEN WOULD YOU USE A FIFO? 

The main application for a FIFO is to temporarily store data being transferred across a 
bus asynchronously. Data can be written into the FIFO at one rate and read out at an- 
other rate. Different CPU speeds, data packet sizes, and processor command lengths 
make the FIFO very attractive as a buffer component. The asynchronous feature may 
allow the CPU to load data at the CPUs full clock rate disallowing any wait states. The 
system or peripheral on the receiving side can extract data at its own clock rate. Optimal 
data throughput can be achieved by choosing the correct FIFO depth predicated on the 
read and write speeds of the two systems. 


HOW FAST SHOULD THE FIFO BE? 

The cycle time of the FIFO determines the system speed in which the device can oper- 
ate without requiring system wait states (A wait state is a wasted system timing cycle due 
to a device requiring additional time to complete its’ operation). The FIFO has cycle 
times associated with each operation, whether a Read, Write, Reset or Retransmit opera- 
tion. Fortunately, most FIFOs have identical timing parameters for each operation. 


The cycle time consists of two timing parameters: the access time and the recovery 
time. 


cycle time (txc) = access time (txa) + recovery time (txr) 


The access time is the time allotted to complete the actual operation. The recovery time 
is the time allotted for the device to return to a steady state and prepare for the following 
operation. 


AMD's High-Density FIFO part numbers are based on the access time of the FIFOs. For 
example: Am7204A-15PC corresponds to the 4K x 9 FIFO with 15 ns access time. To 
determine the cycle time, you must add the recovery time to the access time indicated 
in the part number. The maximum operating frequency can then be determined by tak- 
ing the inverse of the cycle time [1/(txc)]. 
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Access Time (txA) | Recovery Time (txr) | Cycle Time (txc) | Max. Oper. 
[(txa) + (txr)] [1/(txc)] 


40.0 MHz 


Therefore, for the Am7204-15PC example, the maximum operating frequency would be 
40.0 MHz. 


HOW DEEP SHOULD THE FIFO BE? 


The data packet size, or the number of data words transferred at one time, determines 
the FIFO’s density. The data packet may correspond to the data packet used in network 
communications, to the sector size of a hard drive, or the maximum data accumulated 
between two processors with different data rates. As system speeds increase, the FIFO 
must be capable of storing more data packets at one time, since the secondary or periph- 
eral processor may be significantly slower than the main processor. 
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Am7200 


Advanced 


High Density First-In First-Out (FIFO) 256 x 9-Bit CMOS Memory Micro 


DISTINCTIVE CHARACTERISTICS 


m@ RAM based FIFO 

M@ 256x9 organization 

@ Cycle times of 35/45/65/80/100 
nanoseconds for standard products 

m@ Cycle times of 50/65/80/100 nanoseconds 
for APL products 

@ Asynchronous and simultaneous writes 
and reads 


GENERAL DESCRIPTION 


The Am7200 is a RAM-based CMOS FIFO that is 256 words 
deep with 9-bit wide words. It is expandable to any width and/ 
or depth to create much larger FIFOs. 


This FIFO can accept data and output data asynchronously and 
simultaneously at data rates from 0 to 28.5 MHz for Standard 
Products and 0 to 20 MHz for APL products. Status flags are 
provided to signify empty, full, and half-full conditions. The 


Devices 


Low power consumption 

Status flags — full, half-full, empty 
Retransmit capability 

Expandable in both width and depth 
Increased noise immunity for XI - CMOS 
threshold 

Functional and pin compatible with industry 
standard devices 


capability also exists to retransmit data from the FIFO. 


High-density FIFOs such as the Am7200 are useful in a wide range 
of applications. The ability to buffer large transfers of data and the 
rate adaption capabilities make the Am7200 useful in 
communication, image processing, mass storage, DSP, and 
printing systems. 


BLOCK DIAGRAM Do-Ds 


w 


EXPANSION 
LOGIC 


10804-001A 


Figure 1. 


PRODUCT SELECTOR GUIDE 


Access Time 


Operating Frequency 28.5 MHZ 


Publication# 10804 Rev. E Amendment 0 
Issue Date: March 1991 


Am7200-25 | Am7200-35 | Am7200-40 Am7200-50 Am7200-65 Am7200-80 


Sr rat at lg wal 
Current 70 mA 60 mA 60 mA 90 mA 
Operating Range COM'’L COM’L COM'L COM'L 


| 15.3MHZ | 12.5 MHZ 10.0 MHZ 
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CONNECTION DIAGRAMS 
| DIPs* 
Wit Voc 
Dg i D4 
D3 3 26 Ds 
Do | 4| 25} Dg 
Dy {5| 24] D7 
Do |6| FU/RT 
Xl Am7200 AS 
FF [e! EF 
Qo | 9! XO/HF 
Qy 10) Q7 
Qo |11) Q¢ 
Qg 12 Qs 
Qg [13 Q4 
GND |14 R 
10804-002A 
Pin Designations: W = Write 

R = Read 

RS = Reset 

FLAT = First Load/Retransmit 

D, = Data In 

Q, = Data Out 


= Expansion In 

XO/HF= Expansion Out/Half-Full Flag 
FF = Full Flag 

EF = Empty Flag 

Veg = Supply Voltage 

GND = Ground 

NC = No Connect 


* Pinout identical for both plastic and ceramic DIPs. 


awn OA 


10804-003A 


Note: 
Pin 1 is marked for orientation for plastic packages. 


LOGIC SYMBOL 
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ORDERING INFORMATION 


Standard Information 


_ AMD standard products are available in several packages. The order number (Valid Combination) is formed by a combination of: 
a. Device Number 

b. Performance 

c. Package Type 

d. Operating Conditions 


AM7200 -25 P Cc 


eae Shane ate d. OPERATING CONDITIONS 

C = Commercial (0°C to 70°C) 

c. PACKAGE TYPE 
P = Plastic Dip (600 mil) (PD 028) 
J = Plastic Leaded Chip Carrier (PL 032) 
R = Plastic Dip (300 mil) (PD3028) 

b. PERFORMANCE ACCESS TIME 
25=25nst 

a. DEVICE NUMBER/DESCRIPTION A 


35=35nst 
Am7200 50 = 50nst, 
256x9 High Density CMOS FIFO 65-65 nst* 
80 = 80 nst, 


AM7200-50 PC, JC, RC 
AM7200-65 
AM7200-80 


APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) for APL products 
is formed by a combination of: a. Device Number 

b. Speed Option 

c. Device Class 

d. Package Type 

e. Lead Finish 


A 
: RAR sees dre e. LEAD FINISH 


A = Hot Solder Dip 


d. PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CD 028) 


c. DEVICE CLASS 
/B = Class B 


b. SPEED OPTION 
-40 = 40 ns th 
DEVICE NUMBER/DESCRIPTION -50 = 50 nst, 
Am7200 -65 = 65 nst, 
256x9 High Density CMOS FIFO -80 = 80 nst, 


Valid Combinations 


Valid Combinations list configurations planned to be supported in volume for this 
device. Consult the local AMD sales office to confirm availability of specific valid 


AM7200 40 /B xX 
a. 


Valid Combinations 


AM7200-40 
AM7200-50 


AM7200-65 IBXA combinations or to check for newly released valid combinations. 
AM7200-80 Group A Tests 
MILITARY BURN-IN Group A Tests consist of subgroups 1, 2, 3, 7, 8, 9, 10, 11. 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test conditions 
are selected at AMD’s option. 
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FUNCTIONAL DESCRIPTION 


The Am7200 CMOS FIFO is designed around a 256x9 dual-port 
static RAM array. (See Figure 1.) RAM-based FIFOs store the 
data written into them in a sequential pattern. 


The dual-port RAM array has dedicated write and read address 
pointers. The flag logic prevents illogical writes and reads from 
occurring. The Empty Flag prevents reading while empty, which 
is a data underflow condition, while the Full Flag prevents writing 
while full, which is a data overflow condition. Once data that has 
been stored at a given address is read, it can be overwritten. 


Address pointers automatically overflow to address zero after 
reaching address 255. Thus the flag status of the FIFO is a 
function of the difference between the pointers, not their absolute 
value. 


Resetting the FIFO simply initializes both address pointers to 
address zero. Pulsing Retransmit initializes the read address 
pointer to zero without affecting the write address pointer. 


Expansion Logic is used when implementing a FIFO of a depth 
greater than that of the Am7200. The write, read, data-in and data- 
out lines of the Am7200 are connected in parallel, and the 
Expansion-Out (XO) and the Expansion-In (XI) lines are daisy- 
chained together. The write and read control circuits of the 
individual FIFOs are automatically enabled and disabled through 
the handshake between XO and Xi. 


OPERATIONAL DESCRIPTION 

Resetting The FIFO 

Upon power up, the FIFO must be initialized with a Reset cycle. 
(See Figure 2.) The states of XI and FL are used during the reset 
cycle to determine the FIFO’s mode of operation, as shown in 
Tables 1 and 2. For a valid reset cycle to occur, both the Read 
(R) and Write (W) signals must be HIGH t,,,. prior to and t,,, after 
the rising edge of Reset (RS). The reset cycle initializes the @ FIFO 
to an empty condition, signified by the Empty Flag (EF) being 
LOW, active, and both the Half-Full (HF) and Full Flag (FF) being 
HIGH, inactive. 

Writing Data To The FIFO 


The HIGH state of the Full Flag (FF) indicates that the FIFO is 
capable of accepting data. The falling edge of Write (W) initiates 


‘asc 
tRs 


are 


aff. 


BANNNINNNNNNNNNNNNNNNY 
om NLL 
sl Figure 2. Reset Timing 10804-005A 


awrite cycle. (See Figure 3.) Data appearing at inputs DO-D8 t,. 
priorto andt,,, after the rising edge of Wwillbe stored seq uentially 
in the FIFO. 


The LOW- to-HIGH transition of the Empty Flag (EF) occurs t, 
after the rising edge of W during the first write cycle on an empty 
FIFO. (See Figure 4.) The Half-Full Flag (HF) will go LOWt,,, after 
the falling edge of W during the write operation which creates the 
half-full condition. (See Figure 5.) HF will remain LOW, while the 
number of writes to the FIFO exceeds the number of reads by 128 
or more. The Half-Full Flag is not available in Depth-Expansion 
Mode. The Full Flag (FF) goes LOW twer after the falling edge of 
W during the write cycle which creates a full condition. (See 
Figure 6.) A full condition exists when there have been 256 more 
write cycles than read cycles. The Full Flag being active prohibits 
any further write operations, thus preventing data overflow 
situations. 


A special case of write occurs when a write operation is initiated 
while the partis full. The next read will cause FF to go inactive, and 
data can then be latched into the FIFO T,,.. after the rising edge 
of FF (see Figure 9). 


Reading Data From The FIFO 


The HIGH state of the Empty Flag (EF) indicates that the FIFO is 
ready to output data. The falling edge of Read (R) initiates a read 
cycle. (See Figure 3.) Valid data appears on the outputs Q0-Q8 
t, after the falling edge of R, and remains until toy after the rising 
edge of R. Q0-Q8 return to a high-impedance state when R is 
inactive, when the FIFO is empty, or when the FIFO is in Depth 
Expansion Mode but is not active. 


The Full Flag (FF) will go HIGH t,,. after the rising edge of Rduring 
the first read cycle following a full condition. (See Figure 6.) The 
Half-Full Flag (HF) will go HIGH t,,,. after the rising edge of R 
during the read operation, which eliminates the half-full condition. 
(See Figure 5). HF will remain HIGH, while the number of writes 
to the FIFO exceeds the number of reads by 127 or less. The Half- 
Full Flag is not available in Depth-Expansion Mode. The HIGH-to- 
LOW transition of EF occurs t,,, after the falling edge of R during 
the read cycle, which creates an empty condition. (See Figure 4.) 
An empty condition exists when there has been an equal number 
of write cycles and read cycles. The Empty Flag being active 
prohibits any further read operations, thus preventing a data 
underflow situation. 


A special case of read occurs when a read operation is initiated 
while the part is empty. The data latched in by the next write will 
be accessed t, ns after the rising edge of EF. Read is held active, 
and cannot be ‘deasserted until Tape after the rising edge of EF (see 
Figure 8). 


Half-Full Flag 


The Half-Full (HF) Flag will be active LOW only when the net 
balance of the words written into the FIFO exceeds the number of 
words read out by 128 or more. (See Figure 5.) 


Care should be exercised in using the Half-Full Flag, because it 
is capable of producing arbitrarily short pulses. For example, if the 
FIFO contains 128 words, and Read and Write pulses are applied 
simultaneously, the HF flag may produce an arbitrarily short 
pulse, depending on the precise phase of Read and Write. 


HF will always settle to the correct state after the appropriate 
delay, t,,,. Or t,.,-- This property of the Half-Full Flag is clearly a 
function of the dynamic relation between W and R. Generally, the 
use of level-sensitive, rather than edge-sensitive, status detection 
circuits will alleviate this hazard. 
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Table 1. Reset and Retransmit Truth Table 
(Single-Device Configuration/Width-Expansion Mode) 


ed hl | om 
[ws [roar [| ewtroine [witeroinwe [er | we [ 


we Te | x To [ine [tine oT 


meme [Oe ts] coon | one ee 
pee ae | ae ee 


Notes: 


1. Flags will change to show correct state according to write pointer. 
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 2. Reset and First Load Truth Table 
(Depth-Expansion/Compound-Expansion Mode) 


ae ees eee 
Mode 
RS| FUAT| Xi | Read Pointer Write Pointer | EF | FF __ 


[rontimane [0 |e lien | teouenme | teense |e | 
Reset all XO 
ae (Note 1) /tocmtinawe | totems |e | 
Read/Write x XO Increment (Note 3) Increment (Note 3) X 
(Note 2)| (Note 1) 


Notes: 


1. Xl is connected to XO of previous device. See Figure 12. 
2. Same as during Reset Cycle. 
3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


DATA IN VALID 


Do-Dg DATA IN VALID 


~<«—__—_——_trR 
R 


<=— taHz 


Qp -Qg es DATA OUT VALID = 7 DATA OUT VALID 3 


t 
RC 10804-006A 


Figure 3. Asynchronous Write and Read Timing 
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LAST READ NEXT WRITE ae NEXT READ 
ena Beck 
R 


pete 
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Figure 4. Empty Flag Timing 10804-007A 


is 
t XX) 


HF (See Note) 


R 
Note: = 
Depending on the precise phase of W and R, the Half-Full Flag may appear as a pulse of arbitrarily short 
duration of either polarity when W and R are operating asynchronously near half full. 


Figure 5. Half-Full Flag Timing 10804-008A 


ADDITIONAL 


NEXT READ 


10804-009A 


Figure 6. Full Flag Timing 
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Retransmit 


The retransmit function resets the read address pointer allowing 
the data that was previously read to be read again. This capability 
is useful when the block of data being transferred through the 
FIFO doesn’t exceed the FIFO’s depth and is intended for use 
when there are 256 or less writes between reset cycles. 


The FUT is used as the Retransmit (RT) input in Single-Device 
Mode. The retransmit capability is intended for use when there are 
256 or less writes between reset cycles. RT, an active LOW-going 
pulse of at least t,, in duration, initializes the internal read pointer 
to address zero and leaves the write pointer unaffected. R must 
be HIGH during the retransmit cycle. The first read cycle should 
not start untilt,_,, after the rising edge of RT. Theflags may change 
state during this cycle, but they will accurately reflect the new state 
of the FIFO t,. after the falling edge of RT. (See Figure 7 and 
Table 1). 


Single-Device/Width-Expansion Modes 


Single-Device and Width-Expansion Modes are configured by 
grounding the Expansion-In (XI) input. (See Figures 10 and 11, 
and Table 1.) During these modes of operation, the Half-Full Flag 
and Retransmit features are available. The Am7200 can be 
expanded in width to create FIFOs of word widths greater than 
nine bits. In Width-Expansion Mode all of the control line inputs 
are common to all devices. (See Figure 11.) Creating composite 
status flags can pose two hazards. 1.) OR-ing the flag outputs is 
fine for the HIGH-to-LOW transition, because the skew between 
devices is masked out. However, when the flags make a LOW- 
to-HIGH transition, a false composite flag is generated due to the 
skew between devices. 2.) The converse is true when the flags 
are AND-ed: the LOW-to-HIGH transition is fine, and the HIGH- 


tRT 


trTc 


Note: 


to-LOW generates a false flag. These two hazards can be 
avoided if one device’s flags are used as the flags for the 
expanded FIFO, and the write control circuitry and read control 
circuitry is designed to hold off sampling the flags until the worst 
case Settling time (tyees tues twee trees taper AN t,,-) for each flag 
has elapsed. 


Depth-Expansion Mode 


Depth-Expansion Mode is configured during the Reset cycle. 
(See Figure 12 and Table 2.) Expansion Out (XO) of one device 
must be connected to Expansion In (XI) of the next device, with XO 
of the last device being connected to XI of the first device. The 
device that is to receive data first has its First Load (FL) input tied 
LOW, while all other devices must have this input HIGH. Write and 
read control is passed between devices using XO and XI. ALOW- 
going pulse on XO occurs when the last physical location of an 
active device, address 255, is written to, and another LOW-going 
pulse occurs when the last physical location of an active device is 
read. Only one device is enabled for writes, and only one device 
is enabled for reads at any given time. 


RHF’ 


When expanding in depth, a composite Full Flag must be created 
by OR-ing all the FF outputs together. Likewise, a composite 
Empty Flag is created by OR-ing all the EF outputs together. The 
Half-Full Flag and Retransmit functions are not available in Depth- 
Expansion Mode. 


Compound Expansion 


FIFOs of greater width and depth than the Am7200 can be created 
by using both Width-Expansion Mode and Depth-Expansion 
Mode simultaneously. (See Figure 13.) 


tRTR 


10804-010A 


EF, HF and FF may change state during Retransmit as a result of the 
offset of the read and write pointers, but the flags will be valid at t,_.. 


Figure 7. Retransmit Timing 
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te, =t 
net = ther) Figure 8. Read Data Flow-Through Mode 
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Note: 


(twee = Swews ‘wer = twee) 
Figure 9. Write Data Flow-Through Mode 
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DATA IN 


HALF-FULL FLAG 


WRITE 


WRITE READ 


READ 


DATA IN DATAOUT — FULL FLAG EMPTY FLAG 
FULL FLAG EMPTY FLAG RESET 
RESET RETRANSMIT RETRANSMIT 
10804-013A DATA OUT 
10804-014A 
Figure 10. Single FIFO Configuration Figure 11. Width-Expansion to Form a 256x18 FIFO 


10804-015A 


Figure 12. Depth-Expansion to Form a 768x9 FIFO 


Qo -Qg Qg -Q17 Q(N-8)-ONn 
DEPTH DEPTH 
EXPANSION EXPANSION EXPANSION 
BLOCK BLOCK BLOCK 
Op-Dg DD 47 


Din-8) -DN 


Do- e 
” Dg-Dy = Dy g-DN Din-8yO N 
10804-016A 
Figure 13. FIFO Array Using Both Width-Expansion and Figure 14. Bidirectional FIFO Mode 


Depth-Expansion Techniques 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage, V_, -0.5 V to +7.0 V 
Input voltage -0.5 V to V. +0.5 V 
Ambient temperature w/Power Applied -55°C to +125°C 
Storage temperature -55°C to +150°C 
Power dissipation 1.0W 
DC output current 50 mA 
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OPERATING RANGES 
Commercial (C) Devices 


Ambient Temperature (T,) 0°C to 70°C 
Supply Voltage (V_,.) +4.5V to +5.5V 


Operating ranges define those limits between which the function- 
ality of the device is guaranteed. 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS over COMMERCIAL operating range unless otherwise specified 


Am7200-25 |Am7200-35 | Am7200-50 |Am7200-65 |Am7200-80 
a 25 ns ip 35 ns | t,=50ns | t,=65ns | t,=80ns 


Parameter 
Description 


ae Input Leakage Current (any input) (Note 1) 
bie) Output Leakage Current (data outputs) (Note 2) 
— Input High Voltage (all inputs except XI) (Note 3) 


Parameter 


Output Logic “1” Voltage |.,, = -2 mA 
Output Logic “0” voltage |, = 8 mA 


Average Standby Current 
(R = W=RS = FLAT = V,,) (Note 4) 


> 


= 
> 


Power Down Current (all inputs = V,, 
(Note 4) 


-0.2 V) 


= 
> 


Be Ses 5S Goat nd ce a ee 


Notes: 

1. Measurements with GND < V,,< V.. 

2. Re Vi» GND < V.< V 

ae Mig “and V,, are input conditions of output tests and are not themselves directly tested. V,, and V,,, are absolute voltages with respect 
to ‘device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values without suitable 
equipment. 

4. |,, measurements are made with outputs open. 
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AC CHARACTERISTICS over COMMERCIAL operating range unless otherwise specified 


er San rem i a 

Symbol Description Figures | Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. Max. 

Write and Flag Timing 
Write Cycle Time 
Write Pulse Width 
Write Recovery Time 


Data Setup Time 

Data Hold Time 

Write LOW to Full Flag LOW 
Write LOW to Half-Full Flag LOW 
Write HIGH to Empty Flag HIGH 


Write pulse HIGH to data bus 
at LOW Z (Note 1) 


Read and Flag Timing 
Read Cycle Time = 


ails 
Biv heh di 


Read Recovery Time 

Read Pulse Width 

Read pulse LOW to data bus 
at LOW Z (Note 1) 


Data Valid from read pulse HIGH 


Read pulse HIGH to data bus 
at HIGH Z (Note 1) 
Read HIGH to Full FlagHIGH | 69 | 
Read HIGH to Half Full-Flag HIGH} 5 | 


Read LOW to Empty Flag LOW 


; Reset Cycle Time 


Reset Pulse Width 


Reset Recovery Time 


Retransmit Timing 
w__[Retransmit Puiso with «| 7 *(| 28 
ion __[RetranamitRecoveny Tine | 7 [10 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
these parameters may be affected. 


m 
ma 


ss 


00 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage, V_, -0.5 V to +7.0 V 
Input voltage -0.5 V to V,, +0.5 V 
Ambient temperature w/Power Applied —55°C to +125°C 
Storage temperature —65°C to +155°C 
Power dissipation 1.0 W 
DC output current 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 


OPERATING RANGES 
Military (M) Devices* 


Case Temperature (T,) -55°C to 125°C 

Supply Voltage (V_,) +4.5V to +5.5V 
Operating ranges define those limits between which the function- 
ality of the device is guaranteed. 


*Military product is manufactured in compliance with the latest 
revision of MIL-STD-883, Class B. 


DC CHARACTERISTICS over MILITARY operating range unless otherwise specified. 


Parameter 
Description 


Parameter 
Symbol 


Average Standby Current 
(R = W=RS = FLAT = V,,) (Note 4) 


Power Down Current (all inputs = V_.. -0.2 V) 
(Note 4) 


Notes: 


1 


a 
3. 


Measurements with GND < V,,< V,,. 
R2V,,, GND < Vi. S$ Veg: 


Vie and V4 are input conditions of output tests and are not themselves directly tested. V, and V,,, are absolute voltages with respect 


to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values without suitable 


equipment. 


. |, measurements are made with outputs open. 
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AC CHARACTERISTICS over MILITARY operating range unless otherwise specified 


Symbol Description Figures |Min. Max. |Min. Max. |Min. Max. |Min. Max. 
ite peeing (ae 8 ee ee I ee 
hw (Wane See | 8 ee 
WiteRecwey Te | 8 ee 
DataSetupTime | 89 
DataHoldTime | 8.9 
+ _|WrteLOW'oFullFlagLow | 6.9 
Be Se 
ee 


=i 


Write LOW to Half-Full Flag LOW 
A Write HIGH to Empty Flag HIGH 


Write pulse HIGH to data bus 
at LOW Z (Note 1) 


Reed GyceTme Sd 


Read pulse LOW to data bus 
at LOW Z (Note 1) 


: Data Valid from read pulse HIGH 


at HIGH Z (Note 1) 

[Read HIGH Ful FagHIGH | 69 

Read HIGHto Ha FullFlag HIGH | 5 

[Read LOW to Emply Flag low | 48 _ 

__|ResetPulse Width =| 2 

ee eects. 
pe 


aS 
on 
o 
oO 
oa 
Oo 


[Resetto HalFullFlagHigh (|? 
[ResettoFulFiag HIGH «| 2 
Retransmit Timing 

See i aes 


Retransmit Recovery Time 


Pad - 


100 


en 


5 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
these parameters may be affected. 
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AC TEST CONDITIONS 
Input pulse levels GND to 3.0 V 


Input rise and fall times 


Input timing reference levels 


Output reference levels 
Output load See Figure 15 


CAPACITANCE (Vv. = 5.0V, T, = + 25°C, f = 1.0 MHz) 


; Symbol Parameter (Note 1) | Conditions typ.| Unit. 
| Cy | npurcapactance | vyeov | 5 | pF 


Note: 

1. These parameters are not 100% tested, but are evaluated at 
initial characterization and at any time the design is modified 
where these parameters may be affected. 
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SV 


62002 


TO OUTPUT 
PIN 


10804-018A 


* Includes jig and scope capacitances. 


Figure 15. A.C. Test Load 
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Am7201 


Advanced 
Micro 


High Density First-In First-Out (FIFO) 512 x 9-Bit CMOS Memory peyices 


DISTINCTIVE CHARACTERISTICS 
m@ RAM based FIFO 
m@ 512 x 9 organization 


m@ Cycle times of 35/45/65/80/100 nanoseconds 
for standard products 


m@ Cycle times of 50/65/80/100 nanoseconds 
for APL products 


@ Asynchronous and simultaneous writes and 
reads 


m@ Low power consumption 

@ Status flags—full, half-full, empty 

@ Retransmit capability 

@ Expandable in both width and depth 

m Increased noise immunity for Xi - CMOS threshold 


@ Functional and pin compatible with industry standard 
devices 


GENERAL DESCRIPTION 


The Am7201 is a RAM-based CMOS FIFO that is 512 
words deep with 9-bit wide words. It is expandable to any 
width and/or depth to create much larger FIFOs. 


This FIFO can accept data and output data asynchro- 
nously and simultaneously at data rates from 0 to 28.5 
MHz for Standard Products and 0 to 20 MHz for APL 
products. Status flags are provided to signify empty, full, 


and half-full conditions. The capability also exists to 
retransmit data from the FIFO. 


High-density FIFOs such as the Am7201 are useful in a 
wide range of applications. The ability to buffer large 
transfers of data and the rate adaption capabilities make 
the Am7201 useful in communication, image processing, 
mass storage, DSP, and printing systems. 


BLOCK DIAGRAM 


WRITE 
POINTER 


DO-D8 
INPUTS 
READ 
512x9 | PoINTER 


DATA 
OUTPUTS 


Figure 1. 


PRODUCT SELECTOR GUIDE 


AccessTime | 25ns__| 


Operating Frequency | 28.5 MHz 


Publication # Rev. Amendment 
10175 F 10 
Issue Date: March 1991 


Am7201-25 | Am7201-35 | Am7201-40 Am7201-50 ae Am7201-80 
Maximum Power Supply 
Current 70 mA 


Operating Range COM'L COM'L COM’L| MIL 


Pisani | ese | toons 


CONNECTION DIAGRAMS 
Top View DIPs* 


Am7201 


Note: Pin 1 is marked for orientation for plastic packages. 


* Pinout identical for both plastic and ceramic DIPs. 


PIN DESCRIPTION 


W = Write 

R = Read 

RS = Reset 

FLAT = First Load/Retransmit 
D, = Data In 

Q,, = Data Out 

Xi = Expansion In 

XO/HF = Expansion Out/Half-Full Flag 
FF = Full Flag 

EF = Empty Flag 

Voc = Supply Voltage 

GND = Ground 

NC = No Connect 


LOGIC SYMBOL 
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ORDERING INFORMATION 


Standard Products 
AMD standard products are available in several packages. The order number (Valid Combination) is formed by a combination of: 
a. Device Number/Description 
b. Speed Option (if applicable) 
c. Package Type 
d. Temperature Range 
e. Optional Processing 


e. OPTIONAL PROCESSING 
Blank = Standard processing 
s geen eee oO are B = Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0°C to +70°C) 


c. PACKAGE TYPE 
P = Plastic DIP (600 mil) (PD 028) 
J = Plastic Leaded Chip Carrier (PL 032) 
R = Plastic DIP (300 mil) (PD3028) 


b. SPEED OPTION 


AM7201 -25 P Cc 


-35 =35ns t, 
-50 =50nst, 
-65 =65nst, 
a. DEVICE NUMBER/DESCRIPTION -80 = 80nst, 
Am7201 
High Density First-In First-Out (FIFO) 
512 x 9-Bit CMOS Memory 


Valid Combinations Valid Combinations 


AM7201-25 Valid Combinations list configurations planned to be supported in 
AM7201-35 volume for this device. Consult the local AMD sales office to 
AM7201-50 PC, JC, RC confirm availability of specific valid combinations or to check for 
AM7201-65 newly released valid combinations. 

AM7201-80 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD ct 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) for APL products 


is formed by a combination of: 


a. Device Number 


b. Speed Option (if applicable) 
c. Device Class 

d. Package Type 

e. Lead Finish 


a. DEVICE NUMBER/DESCRIPTION 


Am7201 


High Density First-in First-Out (FIFO) 


512 x 9-Bit CMOS Memory 


Valid Combinations 


AM7201-40 
AM7201-50 
AM7201-65 IBXA 
AM7201-80 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL- 
STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD’s option. 
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LEAD FINISH 
A = Hot Solder Dip 


PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CD 028) 


DEVICE CLASS 
/B = Class B 


SPEED OPTION 
-40 = 40 ns ty 
-50 = 50ns th 
-65 = 65nst 


A 


-80 = 80 ns ty 


Valid Combinations 


Valid Combinations list configurations planned to be supported in 
volume for this device. Consult the local AMD sales office to 
confirm availability of specific valid combinations or to check for 
newly released valid combinations. 


Group A Tests 
Group A Tests consist of subgroups 1, 2, 3, 7, 8, 9, 10, 11. 
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FUNCTIONAL DESCRIPTION 

The Am7201 CMOS FIFO is designed around a 512 x 9 dual-port 
static RAM array. (See Figure 1.) RAM-based FIFOs store the 
data written into them in a sequential pattern. 


The dual-port RAM array has dedicated write and read address 
pointers. The flag logic prevents illogical writes and reads from 
occurring. The Empty Flag prevents reading while empty, which 
is a data underflow condition, while the Full Flag prevents writing 
while full, which is a data overflow condition. Once data that has 
been stored at a given address is read, it can be overwritten. 


Address pointers automatically overflow to address zero after 
reaching. address 511. Thus the flag status of the FIFO is a 
function of the difference between the pointers, not their absolute 
value. 


Resetting the FIFO simply initializes both address pointers to 
address zero. Pulsing Retransmit initializes the read address 
pointer to zero without affecting the write address pointer. 


Expansion Logic is used when implementing a FIFO of a depth 
greater than that of the Am7201. The write, read, data-in and data- 
out lines of the Am7201 are connected in parallel, and the 
Expansion-Out (XO) and the Expansion-In (XI) lines are daisy- 
chained together. The write and read control circuits of the 
individual FIFOs are automatically enabled and disabled through 
the handshake between XO and XI. 


OPERATIONAL DESCRIPTION 
Resetting The FIFO 


Upon power up, the FIFO must be initialized with a Reset cycle. 
(See Figure 2.) The states of XI and FL are used during the reset 
cycle to determine the FIFO’s mode of operation, as shown in 
Tables 1 and 2. For a valid reset cycle to occur, both the Read 
(R) and Write (W) signals must be HIGH tass Prior to and t,,,,. after 
the rising edge of Reset (RS). The reset cycle initializes the FIFO 
to an empty condition, signified by the Empty Flag (EF) being 
LOW, active, and both the Half-Full (HF) and Full Flag (FF) being 
HIGH, inactive. 


Writing Data To The FIFO 


The HIGH state of the Full Flag (FF) indicates that the FIFO is _ 


capable of accepting data. The falling edge of Write (W) initiates 


tas 


«81 //f-|_—§"nss 


tEFL 


AAU 
= LLLMILLLLLLLLL LLL 


tFFH 


FF 


Figure 2. Reset Timing 


Am7201 


awrite cycle. (See Figure 3.) Data appearing at inputs DO-D8 t,,, 
prior to andt,,, after the rising edge of W willbe stored sequentially 
in the FIFO. 


The LOW- to-HIGH transition of the Empty Flag (EF) occurs t, 
after the rising edge of W during the first write cycle on an empty 
FIFO. (See Figure 4.) The Half-Full Flag /HF) will go LOW typ after 
the falling edge of during the write operation which creates the 
half-full condition. (See Figure 5.) HF will remain LOW, while the 
number of writes to the FIFO exceeds the number of reads by 256 
or more. The Half-Full Flag is not available in Depth-Expansion 
Mode. The Full Flag (FF) goes LOW twer after the falling edge of 
W during the write cycle which creates a full condition. (See 
Figure 6.) Afull condition exists when there have been 512 more 
write cycles than read cycles. The Full Flag being active prohibits 
any further write operations, thus preventing data overflow situa- 
tions. 


A special case of write occurs when a write operation is initiated 
while the part is full. The next read will cause FF togo inactive, and 
data can then be latched into the FIFO T,.. after the rising edge 
of FF (see Figure 9). 


Reading Data From The FIFO 


The HIGH state of the Empty Flag (EF) indicates that the FIFO is 
ready to output data. The falling edge of Read (R) initiates a read 
cycle. (See Figure 3.) Valid data appears on the outputs Q0-Q8 
t, after the falling edge of R, and remains until t,,, after the rising 
edge of R. Q0-Q8 return to a high-impedance state when R is 
inactive, when the FIFO is empty, or when the FIFO is in Depth 
Expansion Mode but is not active. 


The Full Flag (FF) will go HIGH tae alter the rising edge of Rduring 
the first read cycle following a full condition. (See Figure 6.) The 
Half-Full Flag (HF) will go HIGH t,,,. after the rising edge of R 
during the read operation, which eliminates the half-full condition. 
(See Figure 5). HF will remain HIGH, while the number of writes 
to the FIFO exceeds the number of reads by 255 or less. The Half- 
Full Flag is not available in Depth-Expansion Mode. The HIGH-to- 
LOW transition of EF occurs tacr after the falling edge of R during 
the read cycle, which creates an empty condition. (See Figure 4.) 
An empty condition exists when there has been an equal number 
of write cycles and read cycles. The Empty Flag being active 
prohibits any further read operations, thus preventing a data 
underflow situation. 


A special case of read occurs when a read operation is initiated 
while the part is empty. The data latched in by the next write will 
be accessed t, ns after the rising edge of EF. Read is held active, 
and cannot be deasserted until T,,,. after the rising edge of EF (see 
Figure 8). 


Half-Full Flag 


The Half-Full (HF) Flag will be active LOW only when the net 
balance of the words written into the FIFO exceeds the number of 
words read out by 256 or more. (See Figure 5.) 


Care should be exercised in using the Half-Full Flag, because it 
is capable of producing arbitrarily short pulses. For example, if the 
FIFO contains 256 words, and Read and Write pulses are applied 
simultaneously, the HF flag may produce an arbitrarily short 
pulse, depending on the precise phase of Read and Write. 


HF will always settle to the correct state after the appropriate 
delay, t,,,- Oré,,,.. This property of the Half-Full Flag is clearly a 
function of the dynamic relation between W and R. Generally, the 
use of level-sensitive, rather than edge-sensitive, status detection 
circuits will alleviate this hazard. 
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RESET AND RETRANSMIT TRUTH TABLE Single-Device Configuration/Width-Expansion Mode 


i ee ee 
“| rs | wort | | Read Pointer | writePointer | eF | FF | AF 


ee 
| reraremt | 1 | 0 | 0 | tocatonzero | _Unchange al 
Read/Write ake aes Increment (Note 2) Increment (Note 2) 


Notes: 1. Flags will change to show correct state according to write pointer. 
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 1. 


RESET AND FIRST LOAD TRUTH TABLE Depth-Expansion/Compound-Expansion Mode 


RS | FL/RT i Read Pointer Write Pointer pee tee 


Reset all 


X0 


Notes: 1. XI is connected to XO of previous device. See Figure 12. 
2. Same as during Reset Cycle. 
3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 2. 


Do-Dg DATA IN VALID 


DATA IN VALID 


tRpw Cs PARI. i 
R 
So Ta 
OE Crs eS SS 


tre 


Figure 3. Asynchronous Write and Read Timing 
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LAST READ NEXT WRITE ap pag NEXT READ 
ae ee 
R 


+ 
at ——{ Kvaw X )  XvauoX ) 


Figure 4. Empty Flag Timing 


HF (See Note) 


Note: Depending on the precise phase of WwW and R, the Half-Full Flag may appear as a pulse of arbitrarily short 
duration of either polarity when W and R are operating asynchronously near half full. 


Figure 5. Half-Full Flag Timing 


NEXT READ ADDITIONAL NEXT WRITE 


Figure 6. Full Flag Timing 
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Retransmit 


The retransmit function resets the read address pointer allowing 
the data that was previously read to be read again. This capability 
is useful when the block of data being transferred through the 
FIFO doesn’t exceed the FIFO’s depth and is intended for use 
when there are 512 or less writes between reset cycles. 


The FL/AT is used as the Retransmit (RT) input in Single-Device 
Mode. The retransmit capability is intended for use when there are 
512or less writes between reset cycles. RT, an active LOW-going 
pulse of at least t,, in duration, initializes the internal read pointer 
to address zero and leaves the write pointer unaffected. R must 
both be HIGH during the retransmit cycle. The first read cycle 
should not start until t,,, after the rising edge of RT. The flags may 
change state during this cycle, but they will accurately reflect the 
new state of the FIFOt,_, after the falling edge of RT. (See Figure 
7 and Table 1). 


Single-Device/Width-Expansion Modes 


Single-Device and Width-Expansion Modes are configured by 
grounding the Expansion-In (XI) input. (See Figures 10 and 11, 
and Table 1.) During these modes of operation, the Half-Full Flag 
and Retransmit features are available. The Am7201 can be 
expanded in width to create FIFOs of word widths greater than 
nine bits. In Width-Expansion Mode all of the control line inputs 
are common to all devices. (See Figure 11.) Creating composite 
status flags can pose two hazards. 1.) OR-ing the flag outputs is 
fine for the HIGH-to-LOW transition, because the skew between 
devices is masked out. However, when the flags make a LOW- 
to-HIGH transition, a false composite flag is generated due to the 
skew between devices. 2.) The converse is true when the flags 
are AND-ed: the LOW-to-HIGH transition is fine, and the HIGH- 


tRT 


trTc 


to-LOW generates a false flag. These two hazards can be 
avoided if one device’s flags are used as the flags for the 
expanded FIFO, and the write control circuitry and read control 
circuitry is designed to hold off sampling the flags until the worst 
case settling time (tyees twucr twee tree taupe Nd t,.-) for each flag 
has elapsed. 


Depth-Expansion Mode 


Depth-Expansion Mode is configured during the Reset cycle. 
(See Figure 12 and Table 2.) Expansion Out (XO) of one device 
must be connected to Expansion In (XI) of the next device, with XO 
of the last device being connected to XI of the first device. The 
device that is to receive data first has its First Load (FL) input tied 
LOW, while all other devices must have this input HIGH. Write and 
read control is passed between devices using XO and XI. ALOW- 
going pulse on XO occurs when the last physical location of an 
active device, address 511, is written to, and another LOW-going 
pulse occurs when the last physical location of an active device is 
read. Only one device is enabled for writes, and only one device 
is enabled for reads at any given time. 


RHF’ 


When expanding in depth, a composite Full Flag must be created 
by OR-ing all the FF outputs together. Likewise, a composite 
Empty Flag is created by OR-ing all the EF outputs together. The 
Half-Full Flag and Retransmit functions are not available in Depth- 
Expansion Mode. 


Compound Expansion 


FIFOs of greater width and depth than the Am7201 canbe created 
by using both Width-Expansion Mode and Depth-Expansion 
Mode simultaneously. (See Figure 13.) : 


tRTR 


Note: EF, HF and FF may change state during Retransmit as a result of the 
offset of the read and write pointers, but the flags will be valid at t,,.. 


Figure 7. Retransmit Timing 
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DATAIN x 


=| 


<—tppe 


tRFT 
EF 


ies GK=a 


Note: (tree = taew: taer = baer) 


Figure 8. Read Data Flow-Through Mode 


tia 
) — 


DATA IN 
DATA IN oe 


=| 


Note: (twee = twew: “wer = tw) 
Figure 9. Write Data Flow-Through Mode 
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DATA IN 


HALF-FULL FLAG 


WRITE 
WRITE 


DATA IN 
FULL FLAG 


RESET 


READ 
DATA OUT FULL FLAG 


EMPTY FLAG RESET 
RETRANSMIT 


READ 
EMPTY FLAG 


RETRANSMIT 


DATA OUT 


Figure 13. FIFO Array Using Both Width-Expansion and Figure 14. Bidirectional FIFO Mode 
Depth-Expansion Techniques 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Supply Voltage, V.. -0.5Vto+7.0V COMMERCIAL (C) DEVICES 

Input Voltage -0.5V to V+ 0.5V Ambient Temperature (T,) 0°C to 70°C 
Ambient Tempature with Supply Voltage, (V,) +4.5V to +5.5V 
Power Applied —55°C to +125°C 

Storage Temperature —55°C to + 150°C 

Power Dissipation 1.0W Operating ranges define those limits between which the function- 
DC Output Current 50 mA ality of the device is guaranteed. 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to absolute maximum ratings 
for extended periods may affect device reliability. 


DC CHARACTERISTICS over COMMERCIAL operating range unless otherwise specified. 


Parameter 
Description 


Input Low Voltage, XI (Note 3) 


Output Logic “1” Voltage |,,, = —2 mA 


Average Standby Current 
(R= W=RS= FLAT = V,,) (Note 4) 


Notes: 1. Measurements with GND < V,,< V., 
2 R2V,,, GND < Vi, $ Voc 
3. V, and V,,, are input Sut conditions of output tests and are not themselves directly tested. V,, and V,, are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. |, measurements are made with outputs open. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range unless otherwise 
specified. 


Syma | ___Dnorton [ures Mx | tn | i | Mo | 
Symbol Description Figures | Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. Max. 

Write and Flag Timing 

te [WiteGyceTime dT 2? TT CL CTO 
CS eh se i Ses ee 2 ee ee ee 
[tm _[WiteRecoveyTime «| 8 [i | | | [2 [me | 


Data Setup Time 15 
Data Hold Time 
Write LOW to Full Flag LOW 


Soe 
pees 
ae 
Write LOW to Half-Full Flag LOW ees 
ne 


+ 


Write HIGH to Empty Flag HIGH 


Write pulse HIGH to data bus 
at LOW Z (Note 1) 


Read and Flag Timing 


Read pulse LOW to data bus 
baz at LOW Z (Note 1) 


Data Valid from read pulse HIGH 


at HIGH Z (Note 1) 
set Timing 


Reset to Half-Full Flag High 


Reset to Full Flag HIGH 


Retransmit Timing 


see 
ee 
ames 
bot 


15 


a, 


J 
oO 
4) 


— 
nn 


—_ ts 
oO oO 
oO 2) 


Cal 


arc Retransmit Cycle Time 
Retransmit Pulse Width 


Retransmit Recovery Time 


»D 
4 


Note: 1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, V.. -0.5V to + 7.0V 
Input Voltage -0.5V to V., + 0.5V 
Ambient Tempature with 

Power Applied -—55°C to +125°C 
Storage Temperature —65°C to + 155°C 
Power Dissipation 1.0W 
DC Output Current 50 mA 


Stresses above those listed under Absolute Maximum Ratings 


OPERATING RANGES 


Military (M) DEVICES* 
Case Temperature (T,) 
Supply Voltage, (V,,.) 


-55 to 125°C 
+4.5V to +5.5V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


*Military product is manufactured in compliance with the latest 
revision of MIL-STD-883, Class B. 


may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to absolute maximum ratings 
for extended periods may affect device reliability. 


DC CHARACTERISTICS over MILITARY operating range unless otherwise specified. 


Am7201-40 | Am7201-50 | Am7201-65 | Am7201-80 
Parameter 


Description 


* Output Logic “1” Voltage |,,,= -2 mA 
va 


Average Standby Current 
(R = W=RS = FLAT = V,) (Note 4) 


I 
Vu 
Ve 
View 
Vix 


3 


Ee oo 


Power Down Current (all inputs = V_.,, -0.2 V) 
(Note 4) 


Notes: 1. Measurements with GND < V,,< V... 

. R2V,,, GND < Vou. S Voc: : 

. V,, and V,,, are input conditions of output tests and are not themselves directly tested. V,, and V,,, are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. |, measurements are made with outputs open. 


ww Mm 
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SWITCHING CHARACTERISTICS over MILITARY operating range unless otherwise specified. 


Parameter ; Parameter Am7201-40| Am7201-50; Am7201-65| Am7201-80 
Symbol Description Figures |Min. Max. |Min. Max. |Min. Max. |Min. Max. 


Write and Flag Timing 


Write Cycle Time 
Write Pulse Width 


i 
Write Recovery Time 
i 


Ase 
A 


She ee: 
Pe 
ie 
Te ee 
[DataHolTine ———~SC~d sf 
Wite LOW oFulfFeptOW | 69 | 35 
Wite LOW ioHal-FulFagtow | 5 | 80 
WiteHIGHioEmpiy Fag HGH [48 | 35 


Write pulse HIGH to data bus 
at LOW Z (Note 1) 


Read Cycle Time ba Sa 
3,4,8,9 
Read Recovery Time 


uddddadl 
ee 


oa Bae 
[ReadPulseWidth | 
renee | 
uz | at LOW Z (Note 1) 
y __|Data Valid from read pulseHIGH | 3 
rameree [+ 
bane at HIGH Z (Note 1) 
[Read HIGHtoFullFlagHIGH | 69 
ve __|ReadHIGHtoHalf Ful-FlagHIGH | 5 
[Read LOWtoEmptyFiagLoOWw | 48 


iio Bioaat OQyoleTme | 
[ResettoEmptyFiagLOW | 2 
[ResettoHatFullFlagHigh | 2 
[ResettoFullFlagHIGH | 2 


Retransmit Cycle Time Paes eae a See 
Retransmit Pulse Width ies Ane anergy" enlers 
Le ee 


Retransmit Recovery Time 


a 


40 


iid 
ibd fa aa 


z 


2) 


Notes: These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
these parameters may be affected. 
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AC TEST CONDITIONS 


Input pulse levels 


GND to 3.0 V 
Input rise and fall times 


Input timing reference levels 
Output reference levels 
| Ouputload | Se Figure ts 


Output load 


= 5.0V, T, = + 25°C, f = 1.0 MHz) 


ial: Parameter (Note 1) | Conditions ‘typ.| unit 
[Gy | Inputcapactance | vyzov | | pF 


Note: 1. These parameters are not 100% tested, but are 
evaluated at initial characterization and at any time 
the design is modified where capacitance may be 
affected. 


SV 


6200 


TO OUTPUT 
PIN 


* Includes jig and scope capacitances. 


Figure 15. A.C. Test Load 
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Am7202A 


High Density First-In First-Out (FIFO) 1024x9-Bit CMOS Memory 


DISTINCTIVE CHARACTERISTICS 

m@ RAM based FIFO 

M@ 1024x939 organization 

m@ Cycle times of 25/35/45/65 nanoseconds for 
Standard products 

@ Cycle times of 40/65 nanoseconds for 
APL products 


™@ Asynchronous and simultaneous writes 
and reads 


Advanced 
Micro 
Devices 


Low power consumption 

Status flags — full, half-full, empty 
Retransmit capability 

Expandable in both width and depth 


Increased noise immunity for Xi - CMOS 
threshold 


@ Functional and pin compatible with industry 
standard devices 


GENERAL DESCRIPTION 


The Am7202A is a RAM-based CMOS FIFO that is 1024 
words deep with 9-bit wide words. It is expandable to 
any width and/or depth to create much larger FIFOs. 

This FIFO can input and output data asynchronously 
and simultaneously at data rates from 0 to 40 MHz for 
Standard Products and 0 to 25 MHz for APL products. 
Status flags are provided to signify empty, full and half- 


full conditions. The capability also exists to retransmit 
data from the FIFO. 


High-density FIFOs such as the Am7202A are useful in 
a wide range of applications. The ability to buffer large 
transfers of data and the rate adaption capabilities make 
the Am7202A useful in communication, image process- 
ing, mass storage, DSP, and printing systems. 


Do— Da 


BLOCK DIAGRAM 
[ Write 
Pointer 


Expansion 
Logic 


PRODUCT SELECTOR GUIDE 
Am7202A-15 | Am7202A-25 | Am7202A-35 | Am7202A-50 | Am7202A-30 | Am7202A-50 


Maximum Power 90 mA 70 mA 60 mA — 60 mA 100 mA 90 mA 
Supply Current 

Operating 
Frequency 40 MHz 28.5 MHz 22.2 MHz 15.3 MHz 25 MHz 15.3 MHz 


Operating Rangel _comt | comt | _coml | com | wi | Mi 


Publication# 15491 Rev. A 
6-34 Issue Date: March 1991 


XO/HF 
Figure 1. 


14430-001A 


Amendment/0 


AMD cl 


CONNECTION DIAGRAMS 


Top View 
DIPs* PLCC/LCC 


14430-002A 14430-003A 


Note: 
Pin 1 is marked for orientation for plastic packages. 


*Pinout identical for both plastic and ceramic DIPs. 


LOGIC SYMBOL 


Delage S 


14430-004A 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: Device Number 
. Speed Option (if applicable) 
Package Type 
. Temperature Ran 
. Optional Processing 


op 


220 


AM7202A -15 


ae e. OPTIONAL PROCESSING 


Blank = Standard processing 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


PACKAGE TYPE 

P = Plastic DIP (600 mil) (PD 028) 

J = Plastic Leaded Chip Carrier (PL 032) 
R = Plastic DIP (300 mil) (PDW028) 


9 


b. SPEED OPTION 
-15 = 15nsta 
-25 = 25nsta 
-35 = 35nsta 
-50 = 50nsta 


a. DEVICE NUMBER/DESCRIPTION 
Am7202A 
1024x9 High Density CMOS FIFO 


PC, RC, JC 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations, and to check on newly released 
valid combinations. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several ace and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is tormed 


by a combination of: :- Speed Option iif lleable) 
; e tion (if a 
c. Device Class wii 
d. Package Type 
e. Lead Finis 
AM7202A -30 /B X A 
Langs e. LEAD FINISH 
A = Hot Solder Dip 
d. PACKAGE TYPE | 
X = 28-Pin Ceramic DIP (CD 028) 
U = 32-Pin LCC (CLRO32) 
c. DEVICE CLASS 
/B = Class B 
b. SPEED OPTION 
-30 = 30nsta 
-50 = 50nsta 
a. DEVICE NUMBER/DESCRIPTION 
Am7202A 


1024x9 High Density CMOS FIFO 


Valid Combinations 
Valid Combinations list configurations planned 
AM7202A-30 IBXA. [BUA to be supported in volume for this device. Con- 


AM7202A-50 sult the local AMD sales office to confirm avail- 
ability of specific valid combinations, or to check 
on newly released combinations. 


Valid Combinations 


Military Burn-in 
Military burn-in is in accordance with the current 
revision of MIL-STD-883, Test Method 1015, Sole ae 
Conditions A through E. Test conditions are Group A tests consist of Subgroups 
selected at AMD's option. 1, 2, 3; 7, 8, 9, 10, 11. 
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PIN DESCRIPTION 

Do-s 

Data In (Inputs (9)) 

These nine pins are the data inputs to the FIFO. 

EF 

Empty Flag (Output; Active LOW) 

The HIGH state of the Empty Flag (EF) indicates that the 
FIFO contains data to be read. The EF goes LOW when 
the read pointer is equal to the write pointer, indicating 


that the device is empty. EF LOW inhibits further Read 
operations. 


The EF goes HIGH after the rising edge of Write (W) dur- 
ing the first write cycle for an empty FIFO (See Figure 4). 

The EF goes LOW after the falling edge of Read (R) dur- 
ing the read cycle which creates the empty condition. 


During a Reset cycle, the EF is driven LOW (active). 
FF 

Full Flag (Output; Active LOW) 

The HIGH state of the Full Flag (FF) indicates that the 
FIFO is capable of accepting data. The FF goes LOW 
when the write pointer is one location less than the read 


pointer, indicating that the device is full. FF LOW inhibits 
further Write operations. 


The FF goes HIGH after the rising edge of Read (R) dur- 
ing the first read_cycle following a full condition (See 
Figure 6). The FF goes LOW after the falling edge of 
Write (W) during the write cycle which creates the full 
condition. 


During a Reset cycle, the FF is driven HIGH (inactive). 
FL/RT 
First Load/Retransmit (Input; Active LOW) 


This is a dual purpose input, dependent upon whether 
the FIFO is in Single Device Mode or Depth-Expansion 
Mode. 


This pin acts as a FIRST LOAD (FL) pin when in the 
Depth-Expansion Mode. The device receiving data first 
will have the FL input tied LOW, while the remaining de- 
vices will have the FL pin tied HIGH. The states of the FL 
and Expansion In (XI) pins are used to determine the 
FIFO’s mode of operation, as shown in Tables 1 and 2. 


This pin is used as the Retransmit (RT) input during Sin- 
gle Device Mode. The device can be instructed to 
retransmit the previously written data when RT is pulsed 
LOW. 


GND 

Power Supply, Ground 

This pin is the 0 V power supply for the FIFO. 
NC 

No Connect 

These pins are not connected. 


Qo-8 
Data Out (Outputs (9), Three State) 


These nine pins are the data outputs for the FIFO. 
These pins are in a high impedance state whenever 
Read (R) is HIGH. 


R 
Read (input; Active LOW) 


The falling edge of Read (R) initiates a read cycle, ex- 
cept when the device is empty, as indicated by the 
Empty Flag (EF) being LOW. Valid data appears on the 
outputs (Q0-8) after the falling edge of R. After R goes 
HIGH, the Data Outputs (Q0-8) will return to a high im- | 
pedance condition. 


RS 
Reset (Input; Active LOW) 


The falling edge of Reset (RS) is used to reset the FIFO. 
During Reset, both the read and write pointers are set to 
the first location inthe FIFO. Since the reset cycle initial- 
izes the FIFO to an empty condition, the Empty Flag (EF) 
is driven LOW (active), and both the Half-Full Flag (HF) 
and Full Flag (FF) are driven HIGH (inactive). 


Vee 
Power Supply 
This pin is the +5 V power supply for the FIFO. 


W 
Write (Input; Active LOW) 


The falling edge of Write (W) initi es a write cycle, ex- 
cept when the device is full, as indicated by the Full Flag 
(FF) being LOW. Data is latched into the FIFO on the 
rising edge of W. 


Xl 
Expansion In (Input; Active LOW) 


Expansion In (XI) is grounded to indicate operation in 
the Single Device or Width- -Expansion Modes. In Depth 
Expansion Mode, the XI pin is connected to the Expan- 
sion Out (XO) pin of the previous device, except for the 
XI pin of the first device which is connected to the XO pin 
of the last FIFO. 


This pin operates at CMOS logic levels, thus providing 
noise immunity between cascaded devices. 


XO/HF 
Expansion Out/Half-Full Fiag (Output; Active LOW) 


This is a dual purpose output, dependent upon whether 
the device is in Single Device Mode or Depth Expansion 
Mode. 


This pin operates as an Expansion Out (XO) signal dur- 
ing Depth Expansion Mode. In this mode, the XO pin is 
connected to the Expansion Input (XI) pin of the follow- 
ing device, except for the XO pin of the last device which 
is connected to the XI pin of the first device. 
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When in Single Device Mode (Expansion In (XI)_pin 
grounded) this output operates as a Half-Full Flag (HF). 
After half the FIFO has been filled, the HF will be set 
LOW atthe falling edge of the next Write (W) operation. 
The HF will remain LOW until the difference between the 
write pointer and read pointer is less than or equal to one 
half of the total memory of the FIFO. The HF will go 


HIGH afterthe rising edge of Rduring the read operation 


which eliminates the half-full condition (See Figure 5). 
During a Reset cycle, the HF is driven HIGH (inactive). 


This pin operates at CMOS logic levels, thus providing 
noise immunity between cascaded devices. 
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FUNCTIONAL DESCRIPTION 


The Am7202A CMOS FIFO is designed around a 
1024x9 dual-port static RAM array. (See Figure 1.) 
RAM-based FIFOs store the data written into them ina 
sequential pattern. 


The dual-port RAM array has dedicated write and read 
address pointers. The flag logic prevents illogical writes 
and reads from occurring. The Empty Flag prevents 
reading while empty, which is a data underflow condi- 
tion, while the Full Flag prevents writing while full, which 
is a data overflow condition. Once data that has been 
stored at a given address is read, it can be overwritten. 


Address pointers automatically overflow to address 
zero after reaching address 1023. Thus the flag status of 
the FIFO is a function of the difference between the 
pointers, not their absolute value. 


Resetting the FIFO simply initializes both address point- 
ers to address zero. Pulsing Retransmit initializes the 
read address pointer to zero without affecting the write 
address pointer. 

Expansion Logic is used when implementing a FIFO ofa 
depth greater thanthat of the Am7202A. The write, read, 
data-in and data-out lines of the Am7202A are con- 
nected in parallel, and the Expansion-Out (XO) and the 
Expansion-in (XI) lines are daisy-chained together. The 
write and read control circuits of the individual FIFOs are 
automatically enabled and disabled through the hand- 
shake between XO and XI. 


Operational Description 
Resetting The FIFO 


Upon power up, the FIFO must be initialized with a Re- 
set cycle. (See Figure 2.) The states of XI and FL are 
used during the reset cycle to determine the FIFO’s 
mode of operation, as shown in Tables 1 and 2. Fora 
valid reset cycle to occur, both the Read (R) and Write 
(W) signals must be HIGH trss prior to and trsr after the 
rising edge of Reset (RS). The reset cycle initializes the 
FIFO to an empty condition, signified by the Empty Flag 
(EF) being LOW, active, and both the Half-Full (HF) and 
Full Flag (FF) being HIGH, inactive. 


ns tRS S 
yee 108 — 
EF \\\\\VA\\\\\\AA\\\I 


tHFH 


KOMF LILA LLLLLLLLLLLL} 


tFFH 
fF 


Figure 2. Reset Timing 14430-005A 


Writing Data To The FIFO 


The HIGH state of the Full Flag (FF) indicates that the 
FIFO is capable of accepting data. The falling edge of. 
Write (W) initiates a write cycle. (See Figure 3.) Data ap- 
pearing at inputs Do—Ds tps prior to and tou after the ris- 
ing edge of W will be stored sequentially in the FIFO. 
The LOW-to-HIGH transition of the Empty Flag (EF) oc- 
curs twer after the rising edge of W during the first write 
cycle on an empty FIFO. (See Figure 4.) The Half-Full 
Flag (HF) will go LOW twur after the falling edge of W 
during the write operation which creates the half-full 
condition. (See Figure 5.) HF will remain LOW, while the 
number of writes to the FIFO exceeds the number of 
reads by 513 or more. The Half-Full Flag is not available 
in Depth-Expansion Mode. The Full Flag (FF) goes LOW 
twrr after the falling edge of W during the write cycle 
which creates a full condition. (See Figure 6.) A full con- 
dition exists when there have been 1024 more write cy- 
cles than read cycles. The Full Flag being active prohib- 
its any further write operations, thus preventing data 
overflow situations. 


A special case of write occurs when a write operation is 
initiated while the part is full. The next read will cause FF 
to go inactive, and data can then be latched into the 
FIFO Twer after the rising edge of FF (see Figure 9). 
Reading Data From The FIFO 


The HIGH state of the Empty Flag (EF) indicates that the 
FIFO is ready to output data. The falling edge of Read 
(R) initiates a read cycle. (See Figure 3.) Valid data ap- 
pears on the outputs Qo—Qs ta after the falling edge of R, 
and remains until tov after the rising edge of R. Qo-Qs re- 
turn to a high-impedance state when Ris inactive, when 
the FIFO is empty, or when the FIFO is in Depth Expan- 
sion Mode but is not active. 


The Full Flag (FF) will go HIGH trrr after the rising edge 
of R during the first read cycle following a full condition. 
(See Figure 6.) The Half-Full Flag (HF) willgo HIGH trHr 
after the rising edge of R during the read operation, 
which eliminates the half-full condition. (See Figure 5). 
HF will remain HIGH, while the number of writes to the 
FIFO exceeds the number of reads by 512 or less. The 
Half-Full Flag is not available in Depth-Expansion 
Mode. The HIGH-to-LOW transition of EF occurs trer af- 
ter the falling edge of R during the read cycle, which cre- 
ates an empty condition. (See Figure 4.) An empty con- 
dition exists when there has been an equal number of 
write cycles and read cycles. The Empty Flag being ac- 
tive prohibits any further read operations, thus prevent- 
ing a data underflow situation. 

A special case of read occurs when a read operation is 
initiated while the part is empty. The data latched in by 


the next write will be accessed ta ns after the rising edge 
of EF. Readis held active, and cannot be deasserted un- 


til Tape after the rising edge of EF (see Figure 8). 
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Table 1. Reset and Retransmit Truth Table 
(Single-Device Configuration/Width-Expansion Mode) 


internal Status Outputs 
Read Pointer Write Pointer | FF | HF | 
Tocalon et aia em: 


| xt Saas 
aS Eo. a 
Location zero Unchanged X X 
Gas Wa 1 Recall dae 
Seale ns See Fa ia 


Increment (Note 2) | Increment (Note 2) ‘ee, Ee wees SE 


1. Flags will change to show correct state according to write pointer. 
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 2. Reset and First Load Truth Table 
(Depth-Expansion/Compound-Expansion Mode) 


pute let oe eto | Output 
|RS| FURT| Xi_| ReadPointer_|  WritePointer | EF | FF 


Reset-first device XO | Location zero Location zero 
(Note 1) 


Sl bd LPF ll orca A EE 
devices Note 1 
Read/Write X XO ‘| Increment (Note 3) | Increment (Note 3) 4 

(Note 2) | (Note 1) 


Notes: 

1. Xl is connected to XO of previous device. See Figure 12. 

2. Same as during Reset Cycle. 

3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


twc 
W 
pan tps tDH twew twR 
Do—Ds Data In Valid Data In Valid 
tRPW tRR 
R 
ta tRHZ =e 
Qo-Qs ae Data Out Valid eae Ae Data Out Valid <b 
tRCc 


14430-006A 


Figure 3. Asynchronous Write and Read Timing 
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Additional 
Last Read Next Write Writes Next Read 


Ore 
Out 
14430-007A 
Figure 4. Empty Flag Timing 
RS 
1st 513th 
ree SOG 
W \ / 
HF (See Note) 
R 
Note: 
Depending on the precise phase of W and R, the Half-Full Flag may appear as a pulse of arbitrarily short 14430-008A 
duration of either polarity when W and R are operating asynchronously near half full. . 
Figure 5. Half-Full Flag Timing 
Additional 
Last Write Next Read Reads Next Write 
R 
Ww 
EF 
14430-009A 


Figure 6. Full Flag Timing 
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Half-Full Flag 


The Half-Full (HF) Flag will be active LOW only when the 
net balance of the words written into the FIFO exceeds 
the number of words read out by 513 or more. (See 
Figure 5.) 


Care should be exercised in using the Half-Full Flag, be- 
cause it is capable of producing arbitrarily short pulses. 
For example, if the FIFO contains 513 words, and Read 
and Write pulses are applied simultaneously, the HF flag 
may produce an arbitrarily short pulse, depending o on 
the precise phase of Read and Write. 


HF will always settle to the correct state after the appro- 
priate delay, twHr Or trHF. This property of the Half-Full 
Flag is clearly a function of the dynamic relation be- 
tween W and R. Generally, the use of level-sensitive, 
rather than edge-sensitive, status detection circuits will 
alleviate this hazard. 


Retransmit 


The retransmit function resets the read address pointer 
allowing the data that was previously read to be read 
again. This capability is useful when the block of data 
being transferred through the FIFO doesn't exceed the 
FIFO’s depth and is intended for use when there are 
1024 or less writes between reset cycles. 


The FL/RT is used as the Retransmit (RT) input in Sin- 
gle-Device Mode. The retransmit capability is intended 
foruse when there are 1024 orless writes between reset 
cycles. RT, an active LOW-going pulse of at least tart in 
duration, initializes the internal read pointer to address 
zero and leaves the write pointer unaffected. R must be 
HIGH during the retransmit cycle. The first read cycle 
should not start until tata after the rising edge of RT. The 
flags may change state during this cycle, but they will ac- 
curately reflect the new state of the FIFO trtc after the 
falling edge of RT. (See Figure 7 and Table 1). 


Single-Device/Width-Expansion Modes 


Single-Device and Width-Expansion Modes are config- 
ured by grounding the Expansion-in (XI) input. (See Fig- 
ures 10 and 11, and Table 1.) During these modes of op- 
eration, the Half-Full Flag and Retransmit features are 
available. The Am7202A can be expanded in width to 
create FIFOs of word widths greater than nine bits. In 


tRT 


FURT 


Di 


tRTC 


Note: 


Width-Expansion Mode all of the control line inputs are 
common to all devices. (See Figure 11.) Creating com- 
posite status flags can pose two hazards. 1) OR-ing the 
flag outputs is fine for the HIGH-to-LOW transition, be- 
cause the skew between devices is masked out. How- 
ever, when the flags make a LOW-to-HIGH transition, a 
false composite flag is generated due to the skew be- 
tween devices. 2) The converse is true when the flags 
are AND-ed: the LOW-to-HIGH transition is fine, and 
the HIGH-to-LOW generates a false flag. These two 
hazards can be avoided if one device's flags are used as 
the flags for the expanded FIFO, and the write control 
Circuitry and read control circuitry is designed to hold off 
sampling the flags until the worst case settling time 
(twer, twHr, twer, trer, tRHF, and tarF) for each flag has 
elapsed. 


Depth-Expansion Mode 


Depth-Expansion Mode is configured during the Reset 
cycle. (See Figure 12 and Table 2.) Expansion Out (XO) 
of one device must be connected to Expansion In (XI) of 
the next device, with XO of the last device being con- 
nected to XI of the first device. The device that is to re- 
ceive data first has its First Load (FL) input tied LOW, 
while all other devices must have this input HIGH. Write 

and read control is passed between devices using XO 
and XI. ALOW-going pulse on XO occurs when the last 
physical location of an active device, address 1024, is 
written to, and another LOW-going pulse occurs when 
the last physical location of an active device is read. 
Only one device is enabled for writes, and only one de- 
vice is enabled for reads at any given time. 


When expanding in depth, a composite Full Flag must 
be created by OR-ing all the FF outputs together. Like- 
wise, a composite Empty Flag is created by OR-ing all 
the EF outputs together. The Half-Full Flag and 
Retransmit functions are not available in Depth-Expan- 
sion Mode. 


Compound Expansion 


FIFOs of greater width and depth than the Am7202A 
can be created by using both Width-Expansion Mode > 
and Depth-Expansion Mode simultaneously. 
(See Figure 13.) 


tRTR 


14430-010A 


EF, HF and FF may change state during Retransmit as a result of the 
offset of the read and write pointers, but the flags will be valid at tatc. 


Figure 7. Retransmit Timing 
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WwW 
tRPE 
R 
tRFT 
EF 


twiz ~ tA 
OKA seu) 
Data Out (X XXX Out 14430-011A 


Note: (tape = trew, tRFT = tREF) 


Figure 8. Read Data Flow-Through Mode 


Data In 


Data Out 


Note: (twper = twew, twrT = twrF) 
14430-012A 


Figure 9. Write Data Flow- Through Mode 
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Half-Full Flag 


Read 
Data Out 


Empty Flag 
Retransmit 


Write 
Data In 
Full Flag 
Reset 


Expansion In 


14430-013A 


Figure 10. Single FIFO Configuration 


Die—Dn Din-s)—Dn 


14191-016A 


Figure 13. FIFO Array Using Both Width-Expansion and 
Depth-Expansion Techniques 


Data In 


Write 
Read 
Full Flag Empty Flag 
Reset 


Retransmit 


Data Out 


14430-014A 


Figure 11. Width-Expansion to Form a 1,024x18 FIFO 


14430-015A 


14430-006A 


Figure 14. Bidirectional FIFO Configuration 
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ABSOLUTE MAXIMUM RATINGS | OPERATING RANGES 


Supply Voltage, Vcc —0.5V to +7.0V Commercial (C) Devices 

Input Voltage -0.5V to Vec +0.5 V Ambient Temperature (Ta) 0°C to 70°C 
Supply Voltage, (Vcc) +4.5V to +5.5 V 

Ambient Temperature with 

Power Applied 55°C to +125°C Operating ranges define those limits between which the func- 

Storage Temperature -55°C to +150°C tionality of the device is guaranteed. 

Power Dissipation 1.0W 

DC Output Current _ 50 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS over COMMERCIAL operating range unless otherwise 
specified 


Am7202A-15|Am7202A-25|Am7202A-35/ Am7202A-50 

Parameter tasi15ns |} ta=25ns | ta=35ns | ta=50ns 
Symbol_| Parameter Description eM TN Man Mts Mas 

| In| Input Leakage Current (any input) (Note 1){ -1 | 1 | -1 | 


Output Leakage Current (data outputs) 

(Note 2) 

Input High Voltage (all inputs except XI) 
(Note 3) 

Input Low Voltage (all inputs except XI) 

oe 3) 


eee ae a 
Wer [ortge genet [ex = Peal = Peel = Pex De 


Output Logic “0” Voltage lo. = 8 mA 


= Average Vcc Power Supply Current a4 aa 
(Note 4) 
ow. Standby Current mA 
= RS = FLU/RT = Vin) (Note 4) 
Icc3 — Down Current mA 
(all inputs = Vcc —0.2 V) (Note 4) 


Notes: 
1. Measurements with GND < Vin < Vcc. 
2. R>Vin, GND < Vout < Vcc. 


3. Vit and ViH are input conditions of output tests and are not themselves directly tested. Vit and ViH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. Icc measurements are made with outputs open. 


6-46 Am7202A 


AMD a( 


SWITCHING CHARACTERISTICS over COMMERCIAL operating range unless otherwise 
specified. 


Parameter 
Symbol | Parameter Description Figures} Min.| Max.| Min.| Max.| Min.| Max.| Min. | Max. | 


Write Recovery Time 
Data Setup iis 


Write LOW to Full Flag LOW 


(oer [Wie onnrarroRagtow| = [Po | Ps {Ps [=P Lo 
—twer [Write HIGH to Empty Flag HIGH | 48 | —| 2[—|2|]—| o|—| 


Write Pulse HIGH to Data Bus 
at LOW Z (Note 1) 


Read and Fiag Timing 

En 
| ta __-|AccessTime 3.48.9] —] 15 | — | 25 | — | 35 
Teens Po fet = Pep = bet = be 
|_trew _|ReadPulseWidth S| 315 


tRLz Read Pulse LOW to Data Bus 
at LOW Z (Note 1) 


age 2 Data Valid from Read Pulse HIGH are ey 


Read Pulse HIGH to Data Bus 
at HIGH Z (Note 1) 


|_tarr | Read HIGH to FullFlagHIGH | _6,9_| — | 

ee ae eee 

ae Oe ee 
Reset Timing 

ae Oe a ee oe eee I eee ae 
223407  e  e eT 
|_tass [ResetSetupTime | 2 | 15 | — 

| _tasn__|ResetRecoveryTime ss |_ 2 | 10| — | 10] — | 

Retransmit Timing 


Retransmit Pulse Width 
Retransmit Recovery Time 
Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is 
modified where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Supply Voltage, Vcc —0.5V to +7.0 V Military (M) Devices* 

Input Voltage -0.5V to Vec +0.5 V Case Temperature (Tc) —55 to 125°C 
Supply Voltage, (V +4.5V to +5.5 V 

Ambient Temperature with | rey is) t 

Power Applied —55 to +125°C Operating ranges define those limits between which the func- 

Storage Temperature —65 to +155°C tionality of the device is guaranteed. 

Pomel Diesipation are *Military product is manufactured in compliance with the latest 

DC Output Current 50 mA revision of MIL-STD-883, Class B. 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS over MILITARY operating range unless otherwise specified. 


Am7202A-30 Am7202A-50 
ta=30ns eal = je ag ns 


Parameter Description | Min. | Max. | 
| In| Input Leakage Current (any input) (Note1) | -10 | 10 | a 


Output Leakage Current (data outputs) 
(Note 2) 
Input High Voltage (all inputs except XI) 
(Note 3) 
Vit Input Low Voltage (all inputs except XI) V 
a 3) 


|__Virxi__|Input High Voltage, Xi(Note3) | 35 | | 85 | TV 
| _Vuxi__|input Low Voltage, XI(Note3) | 
= cae Logic “1” Voltage lou = -2 mA 

Output Logic “O” Voltage lo. = 8 mA = SS 


3 Average Vcc Power Supply Current 
(Note 4) 
Average Standby Current 
(R = W= RS = FLAT = Vin) (Note 4) 
Iccs Power Down Current (all inputs = 
Vec —0.2 V) (Note 4) 


Notes: 
1. Measurements with GND < Vin < Vcc. 


2. R2>Vin, GND < Vout < Vcc. 


3. Vit and ViH are input conditions of output tests and are not themselves directly tested. Vi_ and ViH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. Icc measurements are made with outputs open. 
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SWITCHING CHARACTERISTICS over MILITARY operating range unless otherwise 
specified. 


Parameter See Am7202A-30 | Am7202A-50 
Symbol | Parameter Description Figures | Min. | Max.| Min. | Max. 


rte | WiteGyceTime———=s=SCSsCS~C“‘~*~*sé~sdSCSSCdSC a | 
"—twew | Wie Pusewith ——=~S~SsS YP — | 8 — ‘| 
[wa | White RecoveyTime =~ dt | | ‘| 
“= (aaom | ae | ot 
[tow | DataHowtime ——SSSSCSC~d~ 2 [| 0 [| 5 | — | os 
wer | Write LOWtoFulFlagtow ———*+| 69 | —| oo | —| @ | ns 
een ee 
wer | Write HIGH to Empty Flag HIGH 45 [ns 


twiz Write Pulse HIGH to Data Bus at = 8 eel 
LOW Z (Note 1) 


Read and Flag Timing 


ee er ee 
Bee eS ee eee: 20 Boe Wee ee 
Read Rennie Frme 
_—terw _| ead Pulse Wish —_—__ oe ee eS ee ee 


Read Pulse LOW to Data Bus at 
LOW Z (Note 1) 


| tov __| DataValidfromReadPulseHIGH | 3 | 5 | — | 5 | — | hs | 


Read Pulse HIGH to Data Bus at 
HIGH Z (Note 1) 


eae ee eee eager ees 
| trer | ReadLOWtoEmptyFlagLow | 48 | — | 30 | — | 45 | ns | 


potme | RasetGy Time ee a | | 
pies | Resetruss Wi tee 
Sage Ee es Oe ee ee 
ten | eetmoeney ie 8 ee 
tee | Hesston Emly tegtOW Tk ef a 
| turn | ResettoHalt-FullFlagHigh | 2 | — (| 40 | — | 65 | ns 
Eo tee | Repel RubagMige 8 8 a eee 
= te. | ReteneneOie time ee 


ie tmeccname 7 wt Tete 
[wim | RetvansmiRecovey time ‘| 7 | f—| =| — |r 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is 
modified where these parameters may be affected. 
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AC TEST CONDITIONS 


[input ise andtalltimes | __‘Sns_ 


Output load See Figure 15 
5V 
620 Q 
To Output 
Pin 
390 Q 30 pF* 


14430-016A 


* Includes jig and scope capacitances. 


Figure 15. AC Test Load 


CAPACITANCE (Vcc = 5.0 V, Ta = +25°C, f = 1.0 MHz) 
Parameter 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is 


modified where capacitance may be affected. 


Symtot” | parameter Deserpin vp 
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Am7203A 


High Density First-In First-Out (FIFO) 2048x9-Bit CMOS Memory 


DISTINCTIVE CHARACTERISTICS 

@ RAM based FIFO 

@ 2048x9 organization 

m@ Cycle times of 25/35/45/65 nanoseconds for 
Standard products 


m@ Cycle times of 40/65 nanoseconds for 
APL products 


@ Asynchronous and simultaneous writes 
and reads 


GENERAL DESCRIPTION 


The Am7203A is a RAM-based CMOS FIFO that is 2048 
words deep with 9-bit wide words. It is expandable to 
any width and/or depth to create much larger FIFOs. 

This FIFO can input and output data asynchronously 
and simultaneously at data rates from 0 to 40 MHz for 
Standard Products and 0 to 25 MHz for APL products. 
Status flags are provided to signify empty, full and half- 


BLOCK DIAGRAM 


W 


Control 


Read 
Control 


| ea 
lag 
Logic 


Wri 
Pointer 


XO/HF 


Advanced 
Micro 
Devices 


Low power consumption 

Status flags — full, half-full, empty 
Retransmit capability 
Expandable in both width and depth 


Increased noise immunity for XI - CMOS 
threshold 


@ Functional and pin compatible with industry 
standard devices 


full conditions. The capability also exists to retransmit 
data from the FIFO. 


High-density FIFOs such as the Am7203A are useful in 
a wide range of applications. The ability to buffer large 
transfers of data and the rate adaption capabilities make 
the Am7203A useful in communication, image process- 
ing, mass storage, DSP, and printing systems. 


14430-001A 


Figure 1. 


PRODUCT SELECTOR GUIDE 


Publication# 15492 Rev. A 
Issue Date: March 1991 


Amendment 


Part Number | Am7203A-15 | Am7203A-25 | Am7203A-35 | Am7203A-50 | Am7203A-30 | Am7203A-50 


Maximum Power 90 mA 70 mA 60 mA 60 mA 100 mA 90 mA 
Supply Current 

Operating 

Frequency 40 MHz 25 MHz > 


OperatingRange] —Comt —| _Comt | com | com {mi | _Mi_ 
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CONNECTION DIAGRAMS 
Top View 
DIPs* PLCC/LCC 


14430-002A 14430-003A 


Note: 
Pin 1 is marked for orientation for plastic packages. 


*Pinout identical for both plastic and ceramic DIPs. 


LOGIC SYMBOL 


14430-004A 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: Device Number 

. Speed wives (if applicable) 

Package T 

: “Torripacatre’] Ran 

Optional Processing 


e207p 


AM7203A -15 P Cc 


pe e. OPTIONAL PROCESSING 


Blank = Standard processing 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


c. PACKAGE TYPE 
P = Plastic DIP (600 mil) (PD 028) 
J = Plastic Leaded Chip Carrier (PL 032) 
R = Plastic DIP (300 mil) (PD W028) 


-b. SPEED OPTION 


-15 =15nsta 
-25 =25nsta 
-35 =35nsta 
-50 = 50nsta 
a. DEVICE NUMBER/DESCRIPTION 
Am7203A 
2048x9 High Density CMOS FIFO 
Valid Combinations Valid Combinations 
AM7203A-15 RC, JC Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
AM7203A-25 cal AMD sales office to confirm availability of specific 
AM7203A-35 PC, RC, JC valid combinations, and to check on newly released 
valid combinations. 
AM7203A-50 


Am7203A 6-53 


MILITARY ORDERING INFORMATION 
APL Products 


Products List) products are fully compliant with MIL-STD-883C requirements. 
) 


by a combination of: - Seeed Optom tt lleabie) 
; tion (if a 
c. Device Class eae 
d. Package Type 
e. Lead Finis 
AM7203A -30 /B 


9 


a. DEVICE NUMBER/DESCRIPTION 
Am7203A 
2048x9 High Density CMOS FIFO 


Valid Combinations 


AM7203A-30 
AM7203A-50 iy Ee 


Military Burn-in 
Military burn-in is in accordance with the current 
revision of MIL-STD-883, Test Method 1015, 
Conditions A through E. Test conditions are 
selected at AMD’s option. 
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AMD products for Aerospace and Defense applications are available in several {packages and eoerg ranges. APL (Approved 
@ or 


er number (Valid Combination) is formed 


LEAD FINISH 
A = Hot Solder Dip 


X = 28-Pin Ceramic DIP (CD 028) 
U = 32-Pin LCC (CLR032) 


DEVICE CLASS 
/B = Class B 


SPEED OPTION 
-30 = 30nsta 
-50 = 50nsta 


Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 
ability of specific valid combinations, or to check 
on newly released combinations. 


Group A Tests 


Group A tests consist of Subgroups 


12,3, 7, 8,3,390; 11. 
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PIN DESCRIPTION 

Do-8 

Data In (Inputs (9)) 

These nine pins are the data inputs to the FIFO. 

EF 

Empty Flag (Output; Active LOW) 

The HIGH state of the Empty Flag (EF) indicates that the 
FIFO contains data to be read. The EF goes LOW when 
the read pointer is equal to the write pointer, indicating 


that the device is empty. EF LOW inhibits further Read 
operations. 


The EF goes HIGH after the rising edge of Write (W) dur- 
ing the first write cycle for an empty FIFO (See Figure 4). 
The EF goes LOW after the falling edge of Read (R) dur- 
ing the read cycle which creates the empty condition. 


During a Reset cycle, the EF is driven LOW (active). 
FF 

Full Flag (Output; Active LOW) 

The HIGH state of the Full Flag (FF) indicates that the 
FIFO is capable of accepting data. The FF goes LOW 
when the write pointer is one location less than the read 


pointer, indicating that the device is full. FF LOW inhibits 
further Write operations. 


The FF goes HIGH after the rising edge of Read (R) dur- 
ing the first read_cycle following a full condition (See 
Figure 6). The FF goes LOW after the falling edge of 
Write (W) during the write cycle which creates the full 
condition. 

During a Reset cycle, the FF is driven HIGH (inactive). 
FL/RT 

First Load/Retransmit (Input; Active LOW) 

This is a dual purpose input, dependent upon whether 


the FIFO is in Single Device Mode or Depth-Expansion 
Mode. 


This pin acts as a FIRST LOAD (FL) pin when in the 
Depth-Expansion Mode. The device receiving data first 
will have the FL input tied LOW, while the remaining de- 
vices will have the FL pin tied HIGH. The states of the FL 
and Expansion In (XI) pins are used to determine the 
FIFO’s mode of operation, as shown in Tables 1 and 2. 


This pin is used as the Retransmit (RT) input during Sin- 
gle Device Mode. The device can be instructed to 
retransmit the previously written data when RT is pulsed 
LOW. 

GND 

Power Supply, Ground 


This pin is the 0 V power supply for the FIFO. 


NC 
No Connect 
These pins are not connected. 


Qo-8 
Data Out (Outputs (9), Three State) 


These nine pins are the data outputs for the FIFO. 
These pins are in a high impedance state whenever 
Read (R) is HIGH. 


R 
Read (Input; Active LOW) 


The falling edge of Read (R) initiates a read cycle, ex- 
cept when the device is empty, as indicated by the 
Empty Flag (EF) being LOW. Valid data i appears on the 
outputs (Q0-8) after the falling edge of R. After R goes 
HIGH, the Data Outputs (Q0-8) will return to a high im- 
pedance condition. 


RS 
Reset (Input; Active LOW) 


The falling edge of Reset (RS) is used to reset the FIFO. 
During Reset, both the read and write pointers are set to 
the first location inthe FIFO. Since the reset cycle initial- 
izes the FIFO to an empty condition, the Empty Flag (EF) 
is driven LOW (active), and both the Half-Full Flag (HF) 
and Full Flag (FF) are driven HIGH (inactive). 


Vee 
Power Supply 
This pin is the +5 V power supply for the FIFO. 


W 
Write (Input; Active LOW) 


The falling edge of Write (W) initiates a write cycle, ex- 
cept when the device is full, as indicated by the Full Flag 
(FF) being LOW. Data is latched into the FIFO on the 
rising edge of W. 


XI 
Expansion In (Input; Active LOW) 


Expansion In (XI) is grounded to indicate operation in 
the Single Device or Width- -Expansion Modes. In Depth 
Expansion M Mode, the XI pin is connected to the Expan- 
sion Out (XO) pin of the previous device, except for the 
XI pin of the first device which is connected to the XO pin 
of the last FIFO. 


This pin operates at CMOS logic levels, thus providing 
noise immunity between cascaded devices. 


XO/HF 
Expansion Out/Half-Full Flag (Output; Active LOW) 


This is a dual purpose output, dependent upon whether 
the device is in Single Device Mode or Depth Expansion 
Mode. 


This pin operates as an Expansion Out (XO) signal dur- 
ing Depth Expansion Mode. In this mode, the XO pin is 
connected to the Expansion Input (XI) pin of the follow- 
ing device, except for the XO pin of the last device which 
is connected to the XI pin of the first device. 
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When in Single Device Mode (Expansion In (XI) pi 

grounded) this output operates as a Half-Full Flag HP). 
After half the FIFO has been filled, the HF will be set 
LOW atthe falling edge of the next Write (W) operation. 
The HF will remain LOW until the difference between the 
write pointer and read pointer is less than or equal to one 
half of the total memory of the FIFO. The HF will go 


HIGH after the rising edge of R during the read operation 
which eliminates the half-full condition (See Figure 5). 


During a Reset cycle, the HF is driven HIGH (inactive). 


This pin operates at CMOS logic levels, thus providing 
noise immunity between cascaded devices. 
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FUNCTIONAL DESCRIPTION 


The Am7203A CMOS FIFO is designed around a 
2048x9 dual-port static RAM array. (See Figure 1.) 
RAM-based FIFOs store the data written into them in a 
sequential pattern. 


The dual-port RAM array has dedicated write and read 
address pointers. The flag logic prevents illogical writes 
and reads from occurring. The Empty Flag prevents 
reading while empty, which is a data underflow condi- 
tion, while the Full Flag prevents writing while full, which 
is a data overflow condition. Once data that has been 
stored at a given address is read, it can be overwritten. 


Address pointers automatically overflow to address 
zero after reaching address 2047. Thus the flag status of 
the FIFO is a function of the difference between the 
pointers, not their absolute value. 


Resetting the FIFO simply initializes both address point- 
ers to address zero. Pulsing Retransmit initializes the 
read address pointer to zero without affecting the write 
address pointer. 


Expansion Logic is used when implementing a FIFO ofa 
depth greater than that of the Am7203A. The write, read, 
data-in and data-out lines of the Am7203A are con- 
nected in parallel, and the Expansion-Out (XO) and the 
Expansion-In (XI) lines are daisy-chained together. The 
write and read control circuits of the individual FIFOs are 
automatically enabled and disabled through the hand- 
shake between XO and XI. 


Operational Description 
Resetting The FIFO 


Upon power up, the FIFO must be initialized with a Re- 
set cycle. (See Figure 2.) The states of XI and FL are 
used during the reset cycle to determine the FIFO’s 
mode of operation, as shown in Tables 1 and 2. Fora 
valid reset cycle to occur, both the Read (R) and Write 
(W) signals must be HIGH trss prior to and tasr after the 
rising edge of Reset (RS). The reset cycle initializes the 
FIFO to an empty condition, signified by the Empty Flag 
(EF) being LOW, active, and both the Half-Full (HF) and 
Full Flag (FF) being HIGH, inactive. 


oma 
D 
” 


= 
Di 
li 


1 2 SR 
EF AAA 


tHFH 
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tFFH 
FF 


Figure 2. Reset Timing 14430-005A 


Writing Data To The FIFO 


The HIGH state of the Full Flag (FF) indicates that the 
FIFO is capable of accepting data. The falling edge of 
Write (W) initiates a write cycle. (See Figure 3.) Data ap- 
pearing at inputs Do—Ds tos prior to and tox after the ris- 
ing edge of W will be stored sequentially in the FIFO. 
The LOW-to-HIGH transition of the Empty Flag (EF) oc- 
curs twer after the rising edge of W during the first write 
cycle on an empty FIFO. (See Figure 4.) The Half-Full 
Flag (HF) will go LOW twur after the falling edge of W 
during the write operation which creates the half-full 
condition. (See Figure 5.) HF will remain LOW, while the 
number of writes to the FIFO exceeds the number of 
reads by 1025 or more. The Half-Full Flag is not avail- 
able in Depth-Expansion Mode. The Full Flag (FF) goes 
LOW tweFr after the falling edge of W during the write 
cycle which creates a full condition. (See Figure 6.) A 
full condition exists when there have been 2048 more 
write cycles than read cycles. The Full Flag being active 
prohibits any further write operations, thus preventing 
data overflow situations. 


A special case of write occurs when a write operation is 
initiated while the part is full. The next read will cause FF 
to go inactive, and data can then be latched into the 


FIFO Twer after the rising edge of FF (see Figure 9). 
Reading Data From The FIFO 


The HIGH state of the Empty Flag (EF) indicates that the 
FIFO is ready to output data. The falling edge of Read 
(R) initiates a read cycle. (See Figure 3.) Valid data ap- 
pears on the outputs Qo—Qs ta after the falling edge of R, 
and remains until tov after the rising edge of R. Qo-Qs re- 
turn to a high-impedance state when Ris inactive, when 
the FIFO is empty, or when the FIFO is in Depth Expan- 
sion Mode but is not active. 


The Full Flag (FF) will go HIGH trer after the rising edge 
of R during the first read cycle following a full condition. 
(See Figure 6.) The Half-Full Flag (HF) will go HIGH true 
after the rising edge of R during the read operation, 
which eliminates the half-full condition. (See Figure 5). 
HF will remain HIGH, while the number of writes to the 
FIFO exceeds the number of reads by 1024 or less. The 
Half-Full Flag is not available in Depth-Expansion 
Mode. The HIGH-to-LOW transition of EF occurs trer af- 
ter the falling edge of Rduring the read cycle, which cre- 
ates an empty condition. (See Figure 4.) An empty con- 
dition exists when there has been an equal number of 
write cycles and read cycles. The Empty Flag being ac- 
tive prohibits any further read operations, thus prevent- 
ing a data underflow situation. 

A special case of read occurs when a read operation is 
initiated while the part is empty. The data latched in by 


the next write will be accessed ta ns after the rising edge 
of EF. Read is held active, and cannot be deasserted un- 


til Tape after the rising edge of EF (see Figure 8). 
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Table 1. Reset and Retransmit Truth Table 
(Single-Device Configuration/Width-Expansion Mode) 


Location zero Location zero 


Increment (Note 2) | Increment (Note 2) 


Notes: 
1. Flags will change to show correct state according to write pointer. 
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 2. Reset and First Load Truth Table 
(Depth-Expansion/Compound-Expansion Mode) 
ae Internal Status 
FURT | XI | Read Pointer Write Pointer 


cad A a sh Sl 
(Note 1) 
cat BR 2 ales cca il a 
devices Note 1 
Read/Write X XO | Increment (Note 3) | Increment (Note 3) 
(Note 2) | (Note 1) 


Notes: 

1. Xl is connected to XO of previous device. See Figure 12. 

2. Same as during Reset Cycle. 

3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


twc 
WwW 
yal tbs tDH twPw twR 
Do—Ds Data In Valid Data In Valid 
tRPW tRR 
R 
ta tRHZ =a 
Qo-Qs desig Data Out Valid FS) HH Data Out Valid oe 
tRCc 


14430-006A 
Figure 3. Asynchronous Write and Read Timing 
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Additional 
Last Read Next Write Writes Next Read 


gi cs 
TR Jt f 
2 Sede See 


Out 
14430-007A 
Figure 4. Empty Flag Timing 
RS 
1st 1025th 
Sas 
W \ / 
HF (See Note) 
R 
Note: ) 
Depending on the precise phase of W and R, the Half-Full Flag may appear as a pulse of arbitrarily short 14430-008A 
duration of either polarity when W and R are operating asynchronously near half full. 
Figure 5. Half-Full Flag Timing 
Additional 
Last Write Next Read Reads Next Write 
R 
WwW 
FF 
14430-009A 


Figure 6. Full Flag Timing 
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Half-Full Flag 


The Half-Full (HF) Flag will be active LOW only when the 
net balance of the words written into the FIFO exceeds 
the number of words read out by 1025 or more. (See 
Figure 5.) 


Care should be exercised in using the Half-Full Flag, be- 
cause it is capable of producing arbitrarily short pulses. 
For example, if the FIFO contains 1025 words, and 
Read and Write pulses are applied simultaneously, the 
HF flag may produce an arbitrarily short pulse, depend- 
ing on the precise phase of Read and Write. 


HF will always settle to the correct state after the appro- 
priate delay, twHr or trHr. This property of the Half-Full 
Flag is clearly_a function of the dynamic relation be- 
tween W and R. Generally, the use of level-sensitive, 
rather than edge-sensitive, status detection circuits will 
alleviate this hazard. 


Retransmit 


The retransmit function resets the read address pointer 
allowing the data that was previously read to be read 
again. This capability is useful when the block of data 
being transferred through the FIFO doesn’t exceed the 
FIFO’s depth and is intended for use when there are 
2048 or less writes between reset cycles. 


The FL/RT is used as the Retransmit (RT) input in Sin- 
gle-Device Mode. The retransmit capability is intended 
foruse when there are 2048 or less writes between reset 
cycles. RT, an active LOW-going pulse of at least tat in 
duration, initializes the internal read pointer to address 
zero and leaves the write pointer unaffected. R must be 
HIGH during the retransmit cycle. The first read cycle 
should not start until tata after the rising edge of RT. The 
flags may change state during this cycle, but they will ac- 
curately reflect the new state of the FIFO trtc after the 
falling edge of RT. (See Figure 7 and Table 1). 


Single-Device/Width-Expansion Modes 


Single-Device and Width-Expansion Modes are config- 
ured by grounding the Expansion-In (XI) input. (See Fig- 
ures 10 and 11, and Table 1.) During these modes of op- 
eration, the Half-Full Flag and Retransmit features are 
available. The Am7203A can be expanded in width to 
create FIFOs of word widths greater than nine bits. In 


Width-Expansion Mode all of the control line inputs are 
common to all devices. (See Figure 11.) Creating com- 
posite status flags can pose two hazards. 1) OR-ing the 
flag outputs is fine for the HIGH-to-LOW transition, be- 
cause the skew between devices is masked out. How- 
ever, when the flags make a LOW-to-HIGH transition, a 
false composite flag is generated due to the skew be- 
tween devices. 2) The converse is true when the flags 
are AND-ed: the LOW-to-HIGH transition is fine, and 
the HIGH-to-LOW generates a false flag. These two 
hazards can be avoided if one device’s flags are used as 
the flags for the expanded FIFO, and the write control 
circuitry and read control circuitry is designed to hold off 
sampling the flags until the worst case settling time 
(tweF, twHr, tweF, treF, thHF, and trarF) for each flag has 
elapsed. 


Depth-Expansion Mode 


Depth-Expansion Mode is configured during the Reset 
cycle. (See Figure 12 and Table 2.) Expansion Out (XO) 
of one device must be connected to Expansion In (XI) of 
the next device, with XO of the last device being con- 
nected to XI of the first device. The device that is to re- 
ceive data first has its First Load (FL) input tied LOW, 
while all other devices must have this input HIGH. Write 
and read control is passed between devices using XO 
and XI. ALOW-going pulse on XO occurs when the last 
physical location of an active device, address 2048, is 
written to, and another LOW-going pulse occurs when 
the last physical location of an active device is read. 
Only one device is enabled for writes, and only one de- 
vice is enabled for reads at any given time. 


When expanding in depth, a composite Full Flag must 
be created by OR-ing all the FF outputs together. Like- 
wise, a composite Empty Flag is created by OR-ing all 
the EF outputs together. The Half-Full Flag and 
Retransmit functions are not available in Depth-Expan- 
sion Mode. 


Compound Expansion 


FIFOs of greater width and depth than the Am7203A 
can be created by using both Width-Expansion Mode 
and Depth-Expansion Mode simultaneously. 

(See Figure 13.) 


tRT 
FLU/RT 


ee) 


tRTC 


Note: 


tRTR 


14430-010A 


EF, HF and FF may change state during Retransmit as a result of the 
offset of the read and write pointers, but the flags will be valid at tatc. 


Figure 7. Retransmit Timing 
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Ww 
tRPE 
R 
tRFT 
EF 


twiz = ta 
Data Ou 200,00 Glo 1usoori 


Note: (tree = trew, tRFT = tREF) 


Figure 8. Read Data Flow-Through Mode 


R 
Ww 
EF 
Data In ea 
Data Out 


Note: (twpr = twew, twrT = tweF) 
14430-012A 


Figure 9. Write Data Flow-Through Mode 
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Half-Full Flag Data In 
Write Read Write 
Data In Data Out ne Read 
vere Empty Flag 
Full Flag Empty Flag Past 
Reset Retransmit Retransmit 
Expansion In 
Data Out 
14430-013A 14430-014A 
Figure 10. Single FIFO Configuration Figure 11. Width-Expansion to Form a 2048x18 FIFO 


14430-015A 


14191-O16A 14430-006A 


Figure 13. FIFO Array Using Both Width-Expansion and Figure 14. Bidirectional FIFO Configuration 
Depth-Expansion Techniques 
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ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Supply Voltage, Vcc —0.5V to +7.0 V Commercial (C) Devices 

Input Voltage -0.5V to Vec +0.5 V Ambient Temperature (Ta) 0°C to 70°C 
Supply Voltage, (Vcc) +4.5V to +5.5 V 

Ambient Temperature with | 

Power Applied —55°C to +125°C Operating ranges define those limits between which the func- 

Storage Temperature —55°C to +150°C tionality of the device is guaranteed. 

Power Dissipation 1.0 W 

DC Output Current 50 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


DC > a a laa over COMMERCIAL operating range unless otherwise 
specifie 


Parameter ta=15ns | ta=25ns | ta=35ns | ta=50ns 
Symbol | Parameter Description Min. | Max.| Min.| Max.| Min.| Max.| Min.| Max. 
input Leakage Current (any input) (Note 1)| —t | 4_[ -1 | 4] -1[ 4] 1] 4 | ya) 


Output Leakage Current (data outputs) LA 
(Note 2) 

Vin Input High Voltage (all inputs except XI) V 
(Note 3) 

Vit Input Low Voltage (all inputs except XI) V 
(Note 3) 


| Viwxi__| Input High Voltage, Xi(Note3) | 3.5 | — | 35] — | 35] — | 35] — | Vv | 
| Vuxi__| Input Low Voltage, XI(Note3) | — 1 1.5| ~| 15 | —] 15] —] 15] Vv | 
= Output Logic “1” Voltage low = -2 mA 24 a4 ot eA 


Output Logic “0” Voltage lo. = 8 mA 


= Average Vcc Power Supply Current = aa 
(Note 4) 
Ioc2 nueeege Standby Current et ee 


= RS = FL/RT = Vin) (Note 4) Se ad Beat 6 Se 
ro etetinmes 
(all inputs = Vcc —0.2 V) (Note 4) 
Notes: 
1. Measurements with GND < Vin < Vcc. 


2. R> Vin, GND < Vout < Vcc. 


3. Vit and ViH are input conditions of output tests and are not themselves directly tested. Vi_ and ViH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. \lcc measurements are made with outputs open. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range unless otherwise 
specified. 


Parameter igure ep aete A am7A Se Be zO So 
|_Symbol_| Parameter Description Figures} Min.| Max.| Min.| Max.|Min.| Max.| Min. | Max. | 


twe [Write CycleTime ——*dY 3 | | —] as] [6 

[iwew [Write Pulse with ——«|_3_| 15] — | 25| — | 35 

[twa [Write Recoverytime | 3_| 10} —| 10] —| 10 

[tos ae | 2] —| | —] 00) 

or ae | ete Dito a 
veo |—[e2[—| a] — 


[wir [Write LOWtoHattFull Flag Low] 8 | —| a0|—| o5|—| «| —| 6 | ns 
[wer [Write HIGH to Empty Flag HIGH | 46 | — [—| 0) — 


ee 45 _| ns | 
ee al a at a Ga la 
eal 2s al 


te steyee te 8 | — | | | a | 
| ts _|AccessTime 348] — | 15 | — | 25 | —| 35 | — | 50 | ns 
|_trn _|ReadRecoveryTime —s_—s | 3 | :10| — | 10} —| 10} —| 15 | — | ns 
| _trew |ReadPulseWidth = | 3 | 15 | — | 25] — | 35] — | 50] — | ns 
Bm aa Oa 
at LOW Z (Note 1) 
|__tov__| Data Valid from Read PulseHIGH| 3 | 5 | —| 5 | —| 5 | —| 5 | — | ns | 
po lemanasirome [= [-[*[=[*[-[e |= [= [= 
at HIGH Z (Note 1) 
| tare [Read HIGH to Full FlagHIGH | 69 | —| 22 | —| 25 | —| 30] — | 45 | ns | 
| true | Read HIGH to Half-FullFlagHIGH| 5 | —| 30 | —| 35 | —| 45 | — | 65 | ns | 
| _trer | Read LOW to Empty FlagLow | 48 | —| 22 | —] 25 | —] 30] — |] 45 | ns | 
Reset Timing 
|_trsc [ResetCycleTime = | 2 | 25] — | 35] — | 45 | — | 65 | — | os | 
|_trs _|ResetPulsewidth sss“ =| 2 | 15] — | 25| — | 35| — | 50] — | ns 
| 2 | 15) — | 25 fs — Fe | — I ne | 


Reset Setup Time 


|_trsn__|ResetRecoveryTime ss |_ 2 | 101 — | 10| — | 10| — | 15 | — | ns 
|_ter.__|ResettoEmptyFlagLOw |_ 2 | —| 25 | —| 35 | —| 45 | — | 65 | ns | 
|_tury _[ResettoHalf-FullFlagHigh | 2 | —| 25 | —| 35 | —| 45 | — | 65 | ns 
|_trrn |ResettoFullFlagHIGH | 2 | —] 25 | 

Retransmit Timing 
|__tarc__|RetransmitCycleTime | 7_—(|_ 30] —_ 

ter —[Retrenemt ute wan | 7 20] — [os] —| as] — [50 | — [re 
Retransmit Recovery Time me ee ee 

Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is 
modified where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Supply Voltage, Vcc —0.5V to +7.0 V Miltary (M) Devices* 

Input Voltage ~0.5V to Vcc +0.5 V Case Temperature (Tc) —55 to 125°C 
; ; Supply Voltage, (Vcc) +4.5V to +5.5V 

Ambient Temperature with 

Power Applied 55 to +125°C Operating ranges define those limits between which the func- 

Storage Temperature —65 to +155°C tionality of the device is guaranteed. 

Power Dissipation 1.0W 


*Military product is manufactured in compliance with the latest 
DC Output Current 50 mA revision of MIL-STD-883, Class B. 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS over MILITARY operating range unless otherwise specified. 
Am7203A-30 Am7203A-50 


Parameter Description 


input Leakage Current (any input) (Note) | 10 | 10 | -10 | 10 | yA 


Output Leakage Current (data outputs) pA 
(Note 2) 

Vin Input High Voltage (all inputs except XI) V 
(Note 3) 

Vit Input Low Voltage (all inputs except XI) V 
(Note 3) 


| Vuixi__|input High Voltage, Xi(Note3) | 3.5 | | 85 | TV 
|__Vuxi__| Input Low Voltage, XI(Note3)_ | | 5 | ~~ T 5 T 
| Vor | Output Logic “1” Voltage lon = -2 mA 24a 
eee Ce ee 


Average Vcc Power Supply Current 
(Note 4) 
AoW. Standby Current 

= RS = FURT = Vin) (Note 4) 
—e o—— Current (all inputs = 
Vcc —0.2 V) (Note 4) 


Notes: 
1. Measurements with GND < Vin < Vcc. 
2. R> Vin, GND < Vout < Vcc. 


3. Vit and ViH are input conditions of output tests and are not themselves directly tested. Vi_ and ViH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. Icc measurements are made with outputs open. 
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cl pe di CHARACTERISTICS over MILITARY operating range unless otherwise 
specified. : 


Write Recovery Time 


"wer | Wate LOWto FulFlagtow —~«d| 69 [| —| oo |—| © | ns 
wir | Write LOWtoHalfFulFiagQtow ——*| 5 | —| «0 | —| 5 | ns 
Tiwer | Write HIGH to Empty FagHiGH | 48 | — | so] —| «5 


a eee 
LOW Z (Note 1) 


a 2 eee Ge ee es ee Oe ee 
BR | rome Tig nS a ee ee 
Eh ead neemery tig? Ss Ped 


|_tepw | ReadPulseWidth == {| _ 3 | 30] — | 50 |] — | ns| 
triz Read Pulse LOW to Data Bus at eee eee 

aa | 

|__tov__| DataValidfromReadPulseHIGH ss | 3 


5 | — | 5 | — [ns 
Read Pulse HIGH to Data Bus at 
PT jesgeey | eee vied e 
| tere | ReadHIGHtoFullFlagHIGH =—s——“$s$S$G'w'siédY|s «SOS | — | 30 | — | 45 | ns | 
| true | ReadHIGHtoHal-FullFlagHIGH ss] S| — | 40 | — | 65 | ns | 


Read LOW to Empty Flag LOW 


4 
g 
_ 
3 
5 
| 


a Se a ae ey eee BS BS Es EE 
Se ES eae ae A Ea ee 
pines | eee Stuntman 
p tren | | Reset RecweryTime Te | 
| ten. "| Resetto EmptyFlaglow te ao — sing | 
|_tu | ResettoHalf-FullFlagHigh | 2 | ~— | 40 | — | 5 | ns 
| tr | ResettoFulFlagHiGH | | | 0 | = fs | 


Ps) 
= 
Py 
| 
~” 
= 
a 
a 
3 
=] 
ve] 


| _tarc__| RetransmitCycleTime CT | 40 | — | 65 | — | os | 
[ter | RetransmitPusewith ———=~S=S«d|~=7~—«| 0 | — | 80 | — | ns 
[tars [RetvansmitRecoveyTime S| =] «| tO] — | 8 | — | rs 
Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is 
modified where these parameters may be affected. 
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AC TEST CONDITIONS 


[input ise andialltimes [ns 


Output load See Figure 15 
5V 
620 Q 
To Output 
Pin 
390 Q 30 pF* 


14430-016A 


* Includes jig and scope capacitances. 


Figure 15. AC Test Load 


CAPACITANCE (Vcc = 5.0 V, Ta = +25°C, f = 1.0 MHz) 


Parameter 
Symbol | Parameter Description 


: 
Output capacitance 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is 
modified where capacitance may be affected. 
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Am7204A 


High Density First-In First-Out (FIFO) 4096x9-Bit CMOS Memory 


DISTINCTIVE CHARACTERISTICS 
@ RAM based FIFO 


@ 4096x9 organization 


@ Cycle times of 25/35/45/65 nanoseconds for 
Standard products 


m@ Cycie times of 40/65 nanoseconds for 
APL products 


@ Asynchronous and simultaneous writes 
and reads 


GENERAL DESCRIPTION 

The Am7204A is a RAM-based CMOS FIFO that is 4096 
words deep with 9-bit wide words. It is expandable to 
any width and/or depth to create much larger FIFOs. 
This FIFO can input and output data asynchronously 
and simultaneously at data rates from 0 to 40 MHz for 
Standard Products and 0 to 25 MHz for APL products. 
Status flags are provided to signify empty, full and half- 


BLOCK DIAGRAM 


Advanced 
Micro 
Devices 


Low power consumption 

Status flags — full, half-full, empty 
Retransmit capability 

Expandable in both width and depth 


Increased noise immunity for XI - CMOS 
threshold 


Functional and pin compatible with industry 
standard devices 


full conditions. The capability also exists to retransmit 
data from the FIFO. 


High-density FIFOs such as the Am7204A are useful in 
a wide range of applications. The ability to buffer large 
transfers of data and the rate adaption capabilities make 
the Am7204A useful in communication, image process- 
ing, mass storage, DSP, and printing systems. 


Write Read 
Pointer 


Read 


Expansion 


Logic 14430-001A 


60 mA 


se 


Com’! 


Operating Range 


Publication# 14430 Rev. B 
Issue Date: March 1991 
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CONNECTION DIAGRAMS 
Top View 


DIPs* PLCC/LCC 


14430-002A 14430-003A 


Note: 
Pin 1 is marked for orientation for plastic packages. 


*Pinout identical for both plastic and ceramic DIPs. 


LOGIC SYMBOL 


14430-004A 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Ran 

e. Optional Processing 


AM7204A 


-15 P Cc 
utes . OPTIONAL PROCESSING 

Blank = Standard processing 

d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 

. PACKAGE TYPE 

P = Plastic DIP (600 mil) (PD 028) 
J = Plastic Leaded Chip Carrier (PL 032) 
R = Plastic DIP (300 mil) (PDW028) 

b. SPEED OPTION 


© 


-15 =15nsta 
-25 = 25nsta 
-35 = 35nsta 
-50 = 50nsta 


a. DEVICE NUMBER/DESCRIPTION 
Am7204A 
4096x9 High Density CMOS FIFO 


Valid Combinations Valid Combinations 
AM7204A-15 RC, JC Valid Combinations list configurations planned to be 


supported in volume for this device. Consult the lo- 
AM7204A-25 cal AMD sales office to confirm availability of specific 


AM7204A-35 PC, RC, JC valid combinations, and to check on newly released 


AM7204A-50 valid combinations. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and peter, ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 


by a combination of: a. Device Number 
b. ed Option (if applicable 
Cc. Device Class panes 
d. Package Type 
e. Lead Finis 
AM7204A -30 /B A 
[ame e. LEAD FINISH 


A = Hot Solder Dip 


d. PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CD 028) 
U = 32-Pin LCC (CLRO32) 


DEVICE CLASS 
/B = Class B 


9 


b. SPEED OPTION 
-30 = 30nsta 
-50 = 50nsta 


a. DEVICE NUMBER/DESCRIPTION 
Am7204A 
4096x9 High Density CMOS FIFO 


Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 
ability of specific valid combinations, or to check 


Valid Combinations 
AM7204A-30 
AM7204A-50 epic. ede 


Military Burn-in on newly released combinations. 
Military burn-in is in accordance with the current 
revision of MIL-STD-883, Test Method 1015, Group A Tests 
Conditions A through E. Test conditions are 


selected at AMD’s option. cere * ripe er at ; 4 sp 
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PIN DESCRIPTION 

Do-8 

Data In (Inputs (9)) 

These nine pins are the data inputs to the FIFO. 

EF 

Empty Flag (Output; Active LOW) 

The HIGH state of the Empty Flag (EF) indicates that the 
FIFO contains data to be read. The EF goes LOW when 
the read pointer is equal to the write pointer, indicating 


that the device is empty. EF LOW inhibits further Read 
operations. 


The EF goes HIGH after the rising edge of Write (W) dur- 
ing the first write cycle for an empty FIFO (See Figure 4). 
The EF goes LOW after the falling edge of Read (R) dur- 
ing the read cycle which creates the empty condition. 


During a Reset cycle, the EF is driven LOW (active). 
FF 

Full Flag (Output; Active LOW) 

The HIGH state of the Full Flag (FF) indicates that the 
FIFO is capable of accepting data. The FF goes LOW 
when the write pointer is one location less than the read 


pointer, indicating that the device is full. FF LOW inhibits 
further Write operations. 


The FF goes HIGH after the rising edge of Read (R) dur- 
ing the first read cycle following a full condition (See 
Figure 6). The FF goes LOW after the falling edge of 
Write (W) during the write cycle which creates the full 
condition. 

During a Reset cycle, the FF is driven HIGH (inactive). 
FL/RT 

First Load/Retransmit (Input; Active LOW) 

This is a dual purpose input, dependent upon whether 


the FIFO is in Single Device Mode or Depth-Expansion 
Mode. 


This pin acts as a FIRST LOAD (FL) pin when in the 
Depth-Expansion Mode. The device receiving data first 
will have the FL input tied LOW, while the remaining de- 
vices will have the FL pin tied HIGH. The states of the FL 
and Expansion In (XI) pins are used to determine the 
FIFO’s mode of operation, as shown in Tables 1 and 2. 


This pin is used as the Retransmit (RT) input during Sin- 
gle Device Mode. The device can be instructed to 
retransmit the previously written data when RT is pulsed 
LOW. 

GND 

Power Supply, Ground 


This pin is the 0 V power supply for the FIFO. 
NC 

No Connect 

These pins are not connected. 
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Qo-8 
Data Out (Outputs (9), Three State) 


These nine pins are the data outputs for the FIFO. 
These pins are in a high impedance state whenever 
Read (R) is HIGH. 


R 
Read (Input; Active LOW) 


The falling edge of Read (R) initiates a read cycle, ex- 
cept when the device is empty, as indicated by the 
Empty Flag (EF) being LOW. Valid data appears on the 
outputs (Q0-8) after the falling edge of R. After R goes 
HIGH, the Data Outputs (Q0-8) will return to a high im- 
pedance condition. 


RS 
Reset (Input; Active LOW) 


The falling edge of Reset (RS) is used to reset the FIFO. 
During Reset, both the read and write pointers are set to 
the first location inthe FIFO. Since the reset cycle initial- 
izes the FIFO to an empty condition, the Empty Flag (EF) 
is driven LOW (active), and both the Half-Full Flag (HF) 
and Full Flag (FF) are driven HIGH (inactive). 


Vee 
Power Supply 
This pin is the +5 V power supply for the FIFO. 


W 
Write (input; Active LOW) 


The falling edge of Write (W) initiates a write cycle, ex- 
cept when the device is full, as indicated by the Full Flag 
(FF) being LOW. Data is latched into the FIFO on the 


rising edge of W. 
xl 
Expansion In (Input; Active LOW) 


Expansion In (Xl) is grounded to indicate operation in 
the Single Device or Width- -Expansion Modes. In Depth 
Expansion M Mode, the XI pin is connected to the Expan- 
sion Out (XO) pin of the previous device, except for the 
XI pin of the first device which is connected to the XO pin 
of the last FIFO. 


This pin operates at CMOS logic levels, thus providing 
noise immunity between cascaded devices. 


XO/HF 
Expansion Out/Half-Full Flag (Output; Active LOW) 


This is a dual purpose output, dependent upon whether 
the device is in Single Device Mode or Depth Expansion 
Mode. 


This pin operates as an Expansion Out (XO) signal dur- 
ing Depth Expansion Mode. In this mode, the XO pin is 
connected to the Expansion Input (XI) pin of the follow- 
ing device, except for the XO pin of the last device which 
is connected to the XI pin of the first device. 
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When in Single Device Mode (Expansion In (XI) _pin 
grounded) this output operates as a Half-Full Flag (HF). 
After half the FIFO has been filled, the HF will be set 
LOW atthe falling edge of the next Write (W) operation. 
The HF will remain LOW until the difference between the 
write pointer and read pointer is less than or equal to one 
half of the total memory of the FIFO. The HF will go 


HIGH after the rising edge of R during the read operation 
which eliminates the half-full condition (See Figure 5). 


During a Reset cycle, the HF is driven HIGH (inactive). 


This pin operates at CMOS logic levels, thus providing 
noise immunity between cascaded devices. 
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FUNCTIONAL DESCRIPTION 


The Am7204A CMOS FIFO is designed around a 
4096x9 dual-port static RAM array. (See Figure 1.) 
RAM-based FIFOs store the data written into them ina 
sequential pattern. 


The dual-port RAM array has dedicated write and read 
address pointers. The flag logic prevents illogical writes 
and reads from occurring. The Empty Flag prevents 
reading while empty, which is a data underflow condi- 
tion, while the Full Flag prevents writing while full, which 
is a data overflow condition. Once data that has been 
stored at a given address is read, it can be overwritten. 


Address pointers automatically overflow to address 
zero after reaching address 4095. Thus the flag status of 
the FIFO is a function of the difference between the 
pointers, not their absolute value. 


Resetting the FIFO simply initializes both address point- 
ers to address zero. Pulsing Retransmit initializes the 
read address pointer to zero without affecting the write 
address pointer. 


Expansion Logic is used when implementing a FIFO ofa 
depth greater than that of the Am7204A. The write, read, 
data-in and data-out lines of the Am7204A are con- 
nected in parallel, and the Expansion-Out (XO) and the 
Expansion-In (XI) lines are daisy-chained together. The 
write and read control circuits of the individual FIFOs are 
automatically enabled and disabled through the hand- 
shake between XO and XI. 


Operational Description 
Resetting The FIFO 


Upon power up, the FIFO must be initialized with a Re- 
set cycle. (See Figure 2.) The states of XI and FL are 
used during the reset cycle to determine the FIFO’s 
mode of operation, as shown in Tables 1 and 2. Fora 
valid reset cycle to occur, both the Read (R) and Write 
(W) signals must be HIGH trss prior to and trsr after the 
rising edge of Reset (RS). The reset cycle initializes the 
FIFO to an empty condition, signified by the Empty Flag 
(EF) being LOW, active, and both the Half-Full (HF) and 
Full Flag (FF) being HIGH, inactive. 


“3 tRS 
= anna = 
T= 
EF \\\AAYAAAAAAAN 


KOMF  LLLPALLLLLLLLLLLLLLL 


tFFH 
FF 


Figure 2. Reset Timing 14430-005A 
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Writing Data To The FIFO 


The HIGH state of the Full Flag (FF) indicates that the 
FIFO is capable of accepting data. The falling edge of 
Write (W) initiates a write cycle. (See Figure 3.) Data ap- 
pearing at inputs Do—Ds tos prior to and tox after the ris- 
ing edge of W will be stored sequentially in the FIFO. 
The LOW-to-HIGH transition of the Empty Flag (EF) oc- 
curs twer after the rising edge of W during the first write 
cycle on an empty FIFO. (See Figure 4.) The Half-Full 
Flag (HF) will go LOW twur after the falling edge of W 
during the write operation which creates the half-full 
condition. (See Figure 5.) HF will remain LOW, while the 
number of writes to the FIFO exceeds the number of 
reads by 2049 or more. The Half-Full Flag is not avail- 
able in Depth-Expansion Mode. The Full Flag (FF) goes 
LOW twrr after the falling edge of W during the write cy- 
cle which creates a full condition. (See Figure 6.) A full 
condition exists when there have been 4096 more write 
cycles than read cycles. The Full Flag being active pro- 
hibits any further write operations, thus preventing data 
overflow situations. 


A special case of write occurs when a write operation is 
initiated while the part is full. The next read will cause FF 
to go inactive, and data can then be latched into the 


FIFO Twer after the rising edge of FF (see Figure 9). 
Reading Data From The FIFO 


The HIGH state of the Empty Flag (EF) indicates that the 
FIFO is ready to output data. The falling edge of Read 
(R) initiates a read cycle. (See Figure 3.) Valid data ap- 
pears on the outputs Qo—Qs ta after the falling edge of R, 
and remains until tov after the rising edge of R. Qo-Qs re- 
turn to a high-impedance state when R is inactive, when 
the FIFO is empty, or when the FIFO is in Depth Expan- 
sion Mode but is not active. 


The Full Flag (FF) will go HIGH trrr after the rising edge 
of R during the first read cycle following a full condition. 
(See Figure 6.) The Half-Full Flag (HF) will go HIGH trHr 
after the rising edge of R during the read operation, 
which eliminates the half-full condition. (See Figure 5). 
HF will remain HIGH, while the number of writes to the 
FIFO exceeds the number of reads by 2048 or less. The 
Half-Full Flag is not available in Depth-Expansion 
Mode. The HIGH-to-LOW transition of EF occurs trer af- 
ter the falling edge of Rduring the read cycle, which cre- 
ates an empty condition. (See Figure 4.) An empty con- 
dition exists when there has been an equal number of 
write cycles and read cycles. The Empty Flag being ac- 
tive prohibits any further read operations, thus prevent- 
ing a data underflow situation. 


A special case of read occurs when a read operation is 
initiated while the part is empty. The data latched in by 


the next write will be accessed ta ns after the rising edge 
of EF. Readis held active, and cannot be deasserted un- 


til Tape after the rising edge of EF (see Figure 8). 
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Table 1. Reset and Retransmit Truth Table 
(Single-Device Configuration/Width-Expansion Mode) 
Read Pointer Write Pointer | EF | FF | HF | 
[Locationzero | Locationzero | 0 | 1 | 1 | 
X 


_RS | ha 
es ae Sa SS 
Retransmit Location zero Unchanged X X 
i 
Pas, Si ceekn Des 2 


Read/Write Increment (Note 2) | Increment (Note 2) 


Notes: 
1. Flags will change to show correct state according to write pointer. 
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


“Ti 
Cc 
J 
=f 


Table 2. Reset and First Load Truth Table 
(Depth-Expansion/Compound-Expansion Mode) 


a ae eae ee 
FL/RT Read Pointer Write Pointer 
( ) 


Reset-first device XO ‘| Location zero eee ee 
(Note 1) 
ey ee 
devices Note 1 
Read/Write x XO | Increment (Note 3) | Increment (Note 3) 4 4 
Note 2) | (Note 1) 


Notes: 

1. Xl is connected to XO of previous device. See Figure 12. 

2. Same as during Reset Cycle. 

3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


twc 
W 
ian tps tDH twPw tWwR 
Do—Ds Data In Valid Data In Valid 
tRPW tRR 
R 
ta- tRHZ A 
Qo-Qs ae Data Out Valid See: Data Out Valid ee 
tRC 
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Figure 3. Asynchronous Write and Read Timing 


Am7204A 6-75 


AMD | 


Additional 
Last Read Next Write Writes Next Read 


pata —-—{ vai) < XvaigX ) 
Out 


14430-007A 
Figure 4. Empty Flag Timing 
RS 
1st 2049th 
ae eee 
Ww \ / 
HF (See Note) 
R 
Note: 
Depending on the precise phase of W and R, the Half-Full Flag may appear as a pulse of arbitrarily short 14430-008A 
duration of either polarity when W and R are operating asynchronously near half full. 
Figure 5. Half-Full Flag Timing 
Additional 
Last Write Next Read Reads Next Write 
R 
Ww 
FF 
14430-009A 


Figure 6. Full Flag Timing 
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Half-Full Flag 


The Half-Full (HF) Flag will be active LOW only when the 
net balance of the words written into the FIFO exceeds 
the number of words read out by 2049 or more. (See 
Figure 5.) 


Care should be exercised in using the Half-Full Flag, be- 
cause it is capable of producing arbitrarily short pulses. 
For example, if the FIFO contains 2049 words, and 
Read and Write pulses are applied simultaneously, the 
HF flag may produce an arbitrarily short pulse, depend- 
ing on the precise phase of Read and Write. 


HF will always settle to the correct state after the appro- 
priate delay, twHr or trHF. This property of the Half-Full 
Flag is_clearly a function of the dynamic relation be- 
tween W and R. Generally, the use of level-sensitive, 
rather than edge-sensitive, status detection circuits will 
alleviate this hazard. 


Retransmit 


The retransmit function resets the read address pointer 
allowing the data that was previously read to be read 
again. This capability is useful when the block of data 
being transferred through the FIFO doesn’t exceed the 
FIFO’s depth and is intended for use when there are 
4096 or less writes between reset cycles. 


The FU/RT is used as the Retransmit (RT) input in Sin- 
gle-Device Mode. The retransmit capability is intended 
foruse when there are 4096 or less writes between reset 
cycles. RT, an active LOW-going pulse of at least tar in 
duration, initializes the internal read pointer to address 
zero and leaves the write pointer unaffected. R must be 
HIGH during the retransmit cycle. The first read cycle 
should not start until tatr after the rising edge of RT. The 
flags may change state during this cycle, but they will ac- 
curately reflect the new state of the FIFO tatc after the 
falling edge of RT. (See Figure 7 and Table 1). 


Single-Device/Width-Expansion Modes 


Single-Device and Width-Expansion Modes are config- 
ured by grounding the Expansion-In (XI) input. (See Fig- 
ures 10 and 11, and Table 1.) During these modes of op- 
eration, the Half-Full Flag and Retransmit features are 
available. The Am7204A can be expanded in width to 
create FIFOs of word widths greater than nine bits. In 


tRT 


Be) 


tRTC 


Note: 


Width-Expansion Mode all of the control line inputs are 
common to all devices. (See Figure 11.) Creating com- 
posite status flags can pose two hazards. 1) OR-ing the 
flag outputs is fine for the HIGH-to-LOW transition, be- 
cause the skew between devices is masked out. How- 
ever, when the flags make a LOW-to-HIGH transition, a 
false composite flag is generated due to the skew be- 
tween devices. 2) The converse is true when the flags 
are AND-ed: the LOW-to-HIGH transition is fine, and 
the HIGH-to-LOW generates a false flag. These two 
hazards can be avoided if one device’s flags are used as 
the flags for the expanded FIFO, and the write control 
Circuitry and read control circuitry is designed to hold off 
sampling the flags until the worst case settling time 
(twer, twHr, twer, trer, taHF, and trrF) for each flag has 
elapsed. 


Depth-Expansion Mode 


Depth-Expansion Mode is configured during the Reset 
cycle. (See Figure 12 and Table 2.) Expansion Out (XO) 
of one device must be connected to Expansion In (XI) of 
the next device, with XO of the last device being con- 
nected to XI of the first device. The device that is to re- 
ceive data first has its First Load (FL) input tied LOW, 
while all other devices must have this input HIGH. Write 
and read control is passed between devices using XO 
and XI. ALOW-going pulse on XO occurs when the last 
physical location of an active device, address 4096, is 
written to, and another LOW-going pulse occurs when 
the last physical location of an active device is read. 
Only one device is enabled for writes, and only one de- 
vice is enabled for reads at any given time. 


When expanding in depth, a composite Full Flag must 
be created by OR-ing all the FF outputs together. Like- 
wise, a composite Empty Flag is created by OR-ing all 
the EF outputs together. The Half-Full Flag and 
Retransmit functions are not available in Depth-Expan- 
sion Mode. 


Compound Expansion 


FIFOs of greater width and depth than the Am7204A 
can be created by using both Width-Expansion Mode 
and Depth-Expansion Mode simultaneously. 

(See Figure 13.) 


tRTR 


~ 14430-010A 


EF, HF and FF may change state during Retransmit as a result of the 
offset of the read and write pointers, but the flags will be valid at tatc. 


Figure 7. Retransmit Timing 
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W 
tRPE 
R 
tWEF tRFT 
EF 


tWLz - tA 
Data ou Vi000,0 Gene ws0o1A 


Note: (tare = trew, tRFT = tREF) 


Figure 8. Read Data Flow-Through Mode 


Be 


=| 


rf 


Data In 


Data Out 


Note: (twer = twew, twrT = twrF) 
14430-012A 


Figure 9. Write Data Flow-Through Mode 
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Half-Full Flag Data In 
Write Read Write 
Data In Data Out ee Read 
Un. rag Empty Flag 
FI 

Full Flag Empty Flag Hele 

Reset Retransmit Retransmit 
Data Out 

14430-013A 14430-014A 
Figure 10. Single FIFO Configuration Figure 11. Width-Expansion to Form a 4096x18 FIFO 


14430-015A 


14191-016A 14430-006A 


Figure 13. FIFO Array Using Both Width-Expansion and Figure 14. Bidirectional FIFO Configuration 
Depth-Expansion Techniques 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Supply Voltage, Vcc —0.5V to +7.0 V Commercial (C) Devices 

Input Voltage -0.5V to Vec +0.5 V Ambient Temperature (Ta) 0°C to 70°C 
Supply Voltage, (Vcc) +4.5V to +5.5 V 

Ambient Temperature with 

Power Applied -55°C to +125°C Operating ranges define those limits between which the func- 

Storage Temperature —55°C to +150°C tionality of the device is guaranteed. 

Power Dissipation 1.0 W 

DC Output Current 50 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


DC ee ee over COMMERCIAL operating range unless otherwise 
specifie 


Am7204A-15|Am7204A-25|Am7204A-35) Am7204A-50 
Symbol_| Parameter Description [ie |e [| on 
| In| Input Leakage Current (any input) (Note 1)] -1 | 1 | -1_ 


Output Leakage Current (data outputs) 
(Note 2) 
Input High Voltage (all inputs except XI) 
(Note 3) 
Input Low Voltage (all inputs except XI) 
we a 


eee eta ere 
ve a Logic "1" Voltage lon=-2ma | 24| —| 2a] —| 2a] — | eal — |v 
Output Logic 0" Voltage la=8mA | — | 04| —| 04 | —| 04 | —| 04] V_ 


Average Vcc Power Supply Current 70 
(Note 4) 
oe Standby Current ee ed eel 


arimtovmen ||| ||] * 

r= eee EC EP EP EEE 
(all inputs = Vcc —0.2 V) (Note 4) 

Notes: 

1. Measurements with GND < Vin < Vcc. 


2. R> Vin, GND < Vout < Vec. 


3. Vit and Vix are input conditions of output tests and are not themselves directly tested. Vi_ and Vin are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. Icc measurements are made with outputs open. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range unless otherwise 
specified. 


Parameter gure ea anes 29 Am 20 A 5 AZO 
Symbol _| Parameter Description Figures} Min.| Max.|Min.| Max.|Min.| Max.| Min. | Max. 


uss 
— 
oe 
as 
rs 


| twer | Write HIGH to Empty Flag HIGH 


a eee 
at LOW Z (Note 1) 

nn 
|_ta |AccessTime i 3.4,8,9] —]| 15 | — | 25 | — | 35 | 

Tae fssisoreytee Ps bal Pet = bet el fa 
|__tapw [Read Pulse Width 


tALz Read Pulse LOW to Data Bus 
at LOW Z (Note 1) 


| t§v._| Data Valid from Read PulseHIGH| 3 | 5 | 


Read Pulse HIGH to Data Bus 
at HIGH Z (Note 1) 


[tare [Read HIGH to FullFlagHIGH | 6,9 | — | 
SoC eee ee eee ee 
~tner [Read LOW to Empty FlagLow | 48 | —| 2{—]2]—| 0 |—| 5 [ns 
|_tnsc |ResetCycleTime sss | 2 | 25] — | 35] — [a5] — | 
oa ne Oe es Ce 
| _trss | ResetSetupTime | 2 | 15| — | 25] — | 35] —| 50 | — | ns 
| _trsn__|ResetRecoveryTime | 2 
| ter. | ResettoEmptyFlagLow | 2 | —| 25 | — | 35 | 
| tury [ResettoHalt-FullFlagHigh | 2 | —| 25 | —| 35 | —| 45 | — | 65 | ns_ 

eS 

4 


Reset to Full Flag HIGH 


Retransmit Timing 
Retransmit Cycle Time 


ook ee Retransmit Pulse Width 
| trata | Retransmit Recovery Time 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is 
modified where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Supply Voltage, Vcc —0.5V to +7.0 V Miltary (M) Devices* 

; ; Supply Voltage, (Vcc) +4.5V to +5.5V 
Ambient Temperature with 
Power Applied 55 to +125°C Operating ranges define those limits between which the func- 
Storage Temperature —65 to +155°C tionality of the device is guaranteed. 
cower Drsaipawon a *Military product is manufactured in compliance with the latest 
DC Output Current 50 mA revision of MIL-STD-883, Class B. 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS over MILITARY operating range unless otherwise specified. 


Am7204A-30 Am7204A-50 
=30 ns ta = 50 ns 


A 


Parameter Description 


| Iw‘ | Input Leakage Current (any input) (Note1) | -10 | 10 | ee 


Output Leakage Current (data outputs) ces aoa 

(Note 2) 

Input High Voltage (all inputs except XI) 

(Note 3) 

Input Low vorane (all inputs except XI) 
a 3) 


|__Viwxi__|Input High Voltage, XI(Note3)_ | 85 | | 85 | TV 

|_Vux1__| Input Low Voltage, MI(Note3) | | 5 | 

ra A 
Output Logic “0” Voltage lo=8mA_ | | 04 


ee Vcc Power Supply Current 
(Note 4) 
now. Standby Current 

= RS = FLURT = Vin) (Note 4) 


so Down Current (all inputs = 
Vcc —0.2 V) (Note 4) 

Notes: 

1. Measurements with GND < Vin < Vcc. 


2. R> Vin, GND < Vout < Vcc. 


3. Vit and ViH are input conditions of output tests and are not themselves directly tested. Vi_ and ViH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. Icc measurements are made with outputs open. 


6-82 Am7204A 


AMD & 4 | 


SWITCHING CHARACTERISTICS over MILITARY operating range unless otherwise 
specified. 


Parameter 
Symbol 


Write Recovery Time 


| tw | WriteLOWtoFullFlagLOW | 9 | — | 80 | — | 45 | os | 

| twir | Write LOWtoHalf-FullFlagLOW | S| — | 40 | — | 65 | hs | 

| _twer | WriteHIGHtoEmptyFlagHIGH | 48 | — | 30 | — | 45 | ns 

eer UE ee 
LOW Z (Note 1) 

Read and Flag Timing 

oe | eee ee a eS 

pix Aces Te ae | | ee 

[tan | ReadRecovey' Time | tO | os 

| tapw | ReadPulseWith = | | 80 | — | 50 | — | rs 

Bec 1 er PO A Ma 2 
LOW Z (Note 1) 

| tov __| _DataValidfromReadPulseHIGH | S| S| — | OS | — | ns | 

oceania ~~ fanitsacen) eikegee NS Cede ees 
HIGH Z (Note 1) 

| tare | ReadHIGHtoFullFlagHIGH = | 69 | — | 30 | — | 45 | ns | 

| tau | Read HIGH to Half-FullFlagHIGH | 5 | SC — | 40 | — | 65 | ns 

| ter | ReadLOWtoEmptyFlagLow ss] 48 | — | 30 | — | 45 | ns | 

ee ee 


Reset Timing 


Poteet ResetCyie Time em 1 


| tre | ResetPulseWith Te 80 | 0 | 
ge | Remicade 
oe | Bot nomey ine ee a 
ter =| Honet to Eemty Sag OW 
|_tury | Reset to Half-Full Flag High 2 pe [a ee 
te | enotioral rage 2k Le | | ee 
tate} Retranemk Cycle Time? 4 | | 


ter | Retransmt Pusewan ———~+| 7 | ao f—| so | — | ns 
warn | RetransmitReooveryTime ‘|| 7 | 0 f—] | — | ms 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is 
modified where these parameters may be affected. 
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AC TEST CONDITIONS 


[input rise andfalitimes | __Sns_— 


Output load See Figure 15 
5V 
620 Q 
To Output 
Pin 
390 Q 30 pF* 


14430-016A 
* Includes jig and scope capacitances. 


Figure 15. AC Test Load 


CAPACITANCE (Vcc = 5.0 V, Ta = +25°C, f = 1.0 MHz) 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is 
modified where capacitance may be affected. 
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High Density First-In First-Out (FIFO) 8192x9-Bit CMOS Memory 


DISTINCTIVE CHARACTERISTICS 

@ RAM based FIFO 

@ 8192x9 organization 

@ Cycle times of 25/35/45 nanoseconds for 
standard products 

@ Asynchronous and simultaneous writes 
and reads 

@ Low power consumption 


GENERAL DESCRIPTION 

The Am7205A is a RAM-based CMOS FIFO that is 8192 
words deep with 9-bit wide words. It is expandable to 
any width and/or depth to create much larger FIFOs. 
This FIFO can input and output data asynchronously 
and simultaneously at data rates from 0 to 40 MHz. 
Status flags are provided to signify empty, full and half- 


BLOCK DIAGRAM 


Control 


Read 


8192 x9 


Data 
» | ___Inputs 
Write 
Pointer 


Advanced 
Micro 
Devices 


Status flags — full, half-full, empty 
Retransmit capability 

Expandable in both width and depth 
Increased noise immunity for XI-CMOS 
threshold 

@ Functional and pin compatible with industry 
standard devices 


full conditions. The capability also exists to retransmit 
data from the FIFO. 

High-density FIFOs such as the Am7205A are useful in 
a wide range of applications. The ability to buffer large 
transfers of data and the rate adaption capabilities make 
the Am7205A useful in communication, image process- 
ing, mass storage, DSP, and printing systems. 


Do— Ds 


Read 
Pointer 


Data 
Outputs 


14430-001A 


Figure 1. 


100 mA 


Operaing Range 


Publication# 14191 Rev. B 
issue Date: March 1991 


Amendment 


Am7205A-15 Am7205A-25 Am7205A-35 


90 mA 80 mA 


Com’ 


amp at 


CONNECTION DIAGRAM 
Top View 

Plastic DIP 

14430-002A 
LOGIC SYMBOL 

Do-s Qo-8 

FURT 

xl EF 

W XO/HF 

2 = eae 

14430-004A 
Am7205A 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several pean and operating ranges. The order number (Valid Combination) is 
formed by a combination of: tant Onl Number 
en (if applicable) 
Package Type 
. Temperature Ran 
. Optional Processing 


eance 


AM7205A 
e. OPTIONAL PROCESSING 
Blank = Standard processing 
d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
c. PACKAGE TYPE 
R = Plastic DIP (300 mil) (PDW028) 
b. SPEED OPTION 
-15 = 15nsta 
-25 = 25nsta 
-35 = 35nsta 
a. DEVICE NUMBER/DESCRIPTION 
Am7205A 
8192x9 High Density CMOS FIFO 
| Valid Combinations Combinations Valid Combinations 


eee 5 Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 


|_AM7205A-25_| cal AMD sales office to confirm availability of specific 
| AM7205A-35 | valid combinations, and to check on newly released 
valid combinations. 


Am7205A 6-87 


PIN DESCRIPTION 

Do-s 

Data In (inputs (9)) 

These nine pins are the data inputs to the FIFO. 

EF 

Empty Fiag (Output; Active LOW) 

The HIGH state of the Empty Flag (EF) indicates that the 
FIFO contains data to be read. The EF goes LOW when 
the read pointer is equal to the write pointer, indicating 


that the device is empty. EF LOW inhibits further Read 
operations. 


The EF goes HIGH after the rising edge of Write (W) dur- 
ing the first write cycle for an empty FIFO (See Figure 4). 
The EF goes LOW after the falling edge of Read (R) dur- 
ing the read cycle which creates the empty condition. 


During a Reset cycle, the EF is driven LOW (active). 
FF 

Full Flag (Output; Active LOW) 

The HIGH state of the Full Flag (FF) indicates that the 
FIFO is capable of accepting data. The FF goes LOW 
when the write pointer is one location less than the read 


pointer, indicating that the device is full. FF LOW inhibits 
further Write operations. 


The FF goes HIGH after the rising edge of Read (R) dur- 
ing the first read cycle following a full condition (See 
Figure 6). The FF goes LOW after the falling edge of 
Write (W) during the write cycle which creates the full 
condition. 

During a Reset cycle, the FF is driven HIGH (inactive). 
FL/RT 

First Load/Retransmit (Input; Active LOW) 

This is a dual purpose input, dependent upon whether 


the FIFO is in Single Device Mode or Depth-Expansion 
Mode. 


This pin acts as a FIRST LOAD (FL) pin when in the 
Depth-Expansion Mode. The device receiving data first 
will have the FL input tied LOW, while the remaining de- 
vices will have the FL pin tied HIGH. The states of the FL 
and Expansion In (XI) pins are used to determine the 
FIFO’s mode of operation, as shown in Tables 1 and 2. 


This pin is used as the Retransmit (RT) input during Sin- 
gle Device Mode. The device can be instructed to 
retransmit the previously written data when RT is pulsed 
LOW. 

GND 

Power Supply, Ground 

This pin is the 0 V power supply for the FIFO. 


NC 


No Connect 
These pins are not connected. 
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Data Out (Outputs (9), Three State) 


These nine pins are the data outputs for the FIFO. 
These pins are in a high impedance state whenever 
) 


Read (R) is HIGH. 
R 
Read (Input; Active LOW) 


The falling edge of Read (R) initiates a read cycle, ex- 
cept when the device is empty, as indicated by the 
Empty Flag (EF) being LOW. Valid data appears on the 
outputs (Q0-8) after the falling edge of R. After R goes 
HIGH, the Data Outputs (Q0-8) will return to a high im- 
pedance condition. 


RS 
Reset (input; Active LOW) 


The falling edge of Reset (RS) is used to reset the FIFO. 
During Reset, both the read and write pointers are set to 
the first location in the FIFO. Since the reset cycle initial- 
izes the FIFO to an empty condition, the Empty Flag (EF) 
is driven LOW (active), and both the Half-Full Flag (HF) 
and Full Flag (FF) are driven HIGH (inactive). 


Vee 
Power Supply 
This pin is the +5 V power supply for the FIFO. 


WwW 
Write (Input; Active LOW) 


The falling edge of Write (W) initiates a write cycle, ex- 
cept when the device is full, as indicated by the Full Flag 
(FF) being LOW. Data is latched into the FIFO on the 


rising edge of W. 
xi 
Expansion in (input; Active LOW) 


Expansion In (XI) is grounded to indicate operation in 
the Single Device or Width-Expansion Modes. In Depth 
Expansion Mode, the XI pin is connected to the Expan- 
sion Out (XO) pin of the previous device, except for the 
XI pin of the first device which is connected to the XO pin 
of the last FIFO. 


This pin operates at CMOS logic levels, thus providing 
improved noise immunity between cascaded devices. 


XO/HF 
Expansion Out/Half-Full Flag (Output; Active LOW) 


This is a dual purpose output, dependent upon whether 
the device is in Single Device Mode or Depth Expansion 
Mode. 


This pin operates as an Expansion Out (XO) signal dur- 
ing Depth Expansion Mode. In this mode, the XO pin is 
connected to the Expansion Input (XI) pin of the follow- 
ing device, except for the XO pin of the last device which 
is connected to the XI pin of the first device. 
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When in Single Device Mode (Expansion In (XI) pin 
grounded) this output operates as a Half-Full Flag (HF). 
After half the FIFO has been filled, the HF will be set 
LOW at the falling edge of the next Write (W) operation. 
The HF will remain LOW until the difference between the 
write pointer and read pointer is less than or equal to one 
half of the total memory of the FIFO. The HF will go 


HIGH after the rising edge of R during the read operation 
which eliminates the half-full condition (See Figure 5). 


During a Reset cycle, the HF is driven HIGH (inactive). 


This pin operates at CMOS logic levels, thus providing 
improved noise immunity between cascaded devices. 
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FUNCTIONAL DESCRIPTION 


The Am7205A CMOS FIFO is designed around a 
8192x9 dual-port static RAM array. (See Figure 1.) 
RAM-based FIFOs store the data written into them ina 
sequential pattern. 


The dual-port RAM array has dedicated write and read 
address pointers. The flag logic prevents illogical writes 
and reads from occurring. The Empty Flag prevents 
reading while empty, which is a data underflow condi- 
tion, while the Full Flag prevents writing while full, which 
is a data overflow condition. Once data that has been 
stored at a given address is read, it can be overwritten. 


Address pointers automatically overflow to address 
zero after reaching address 8191. Thus the flag status of 
the FIFO is a function of the difference between the 
pointers, not their absolute value. 


Resetting the FIFO simply initializes both address point- 
ers to address zero. Pulsing Retransmit initializes the 
read address pointer to zero without affecting the write 
address pointer. 

Expansion Logic is used when implementing a FIFO ofa 
depth greater than that of the Am7205A. The write, read, 
data-in and data-out lines of the Am7205A are con- 
nected in parallel, and the Expansion-Out (XO) and the 
Expansion-in (XI) lines are daisy-chained together. The 
write and read control circuits of the individual FIFOs are 
automatically enabled and disabled through the hand- 
shake between XO and XI. 


Operational Description 
Resetting The FIFO 


Upon power up, the FIFO must be initialized with a Re- 
set cycle. (See Figure 2.) The states of XI and FL are 
used during the reset cycle to determine the FIFO’s 
mode of operation, as shown in Tables 1 and 2. Fora 
valid reset cycle to occur, both the Read (R) and Write 
(W) signals must be HIGH trss prior to and trasr after the 
rising edge of Reset (RS). The reset cycle initializes the 
FIFO to an empty condition, signified by the Empty Flag 
(EF) being LOW, active, and both the Half-Full (HF) and 
Full Flag (FF) being HIGH, inactive. 


tRSC 
trRs 
Cota © 
WR 
4. 2 5 ee 


tEFL 


WAAAY 


tHFH 


KOE  LIPPALILLLLLLLLLLLLL 


tFFH 
FF 


Figure 2. Reset Timing 14430-005A 


AMD al 


Writing Data To The FIFO 


The HIGH state of the Full Flag (FF) indicates that the 
FIFO is capable of accepting data. The falling edge of 
Write (W) initiates a write cycle. (See Figure 3.) Data ap- 
pearing at inputs Do—Ds tps prior to and tox after the ris- 
ing edge of W will be stored sequentially in the FIFO. 

The LOW-to-HIGH transition of the Empty Flag (EF) oc- 
curs twer after the rising edge of W during the first write 


_ cycle on an empty FIFO. (See Figure 4.) The Half-Full 


Flag (HF) will go LOW twur after the falling edge of W 
during the write operation which creates the half-full 
condition. (See Figure 5.) HF will remain LOW, while the 
number of writes to the FIFO exceeds the number of 
reads by 4097 or more. The Half-Full Flag is not avail- 
able in Depth-Expansion Mode. The Full Flag (FF) goes 
LOW tweFr after the falling edge of W during the write cy- 
cle which creates a full condition. (See Figure 6.) A full 
condition exists when there have been 8192 more write 
cycles than read cycles. The Full Flag being active pro- 
hibits any further write operations, thus preventing data 
overflow situations. 


A special case of write occurs when a write operation is 
initiated while the part is full. The next read will cause FF 
to go inactive, and data can then be latched into the 


FIFO Twer after the rising edge of FF (see Figure 9). 
Reading Data From The FIFO 


The HIGH state of the Empty Flag (EF) indicates that the 
FIFO is ready to output data. The falling edge of Read 
(R) initiates a read cycle. (See Figure 3.) Valid data ap- 
pears on the outputs Qo-Qs ta after the falling edge of R, 
and remains until tov after the rising edge of R. Qo-Qs re- 
turn to a high-impedance state when R is inactive, when 
the FIFO is empty, or when the FIFO is in Depth Expan- 
sion Mode but is not active. 


The Full Flag (FF) will go HIGH tarr after the rising edge 
of R during the first read cycle following a full condition. 
(See Figure 6.) The Half-Full Flag (HF) will go HIGH taHr 
after the rising edge of R during the read operation, 
which eliminates the half-full condition. (See Figure 5). 
HF will remain HIGH, while the number of writes to the 
FIFO exceeds the number of reads by 4096 or less. The 
Half-Full Flag is not available in Depth-Expansion 
Mode. The HIGH-to-LOW transition of EF occurs trer af- 
ter the falling edge of R during the read cycle, which cre- 
ates an empty condition. (See Figure 4.) An empty con- 
dition exists when there has been an equal number of 
write cycles and read cycles. The Empty Flag being ac- 
tive prohibits any further read operations, thus prevent- 
ing a data underflow situation. 

A special case of read occurs when a read operation is 
initiated while the part is empty. The data latched in by 


the next write will be accessed ta ns after the rising edge 
of EF. Readis held active, and cannot be deasserted un- 


til Tape after the rising edge of EF (see Figure 8). 
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Tabie 1. Reset and Retransmit Truth Table 
(Single-Device Configuration/Width-Expansion Mode) 


| __inputs | sintormal'Status | Outputs, 
ae WritePointer_ | EF | FF | HF 
| Locationzero | Locationzero | 0 | 1 | 1 


_ xX | 0 {| Locati 
Location zero Unchanged X X X 
(Note 1) |} (Note 1)] (Note 1) 
Read/Write | 14. | 0 | Increment (Note 2) | Increment (Note 2) 
Notes: 


1. Flags will change to show correct state according to write pointer. 
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


-| -lela 


Table 2. Reset and First Load Truth Table 
(Depth-Expansion/Compound-Expansion Mode) 


a a ee Internal Status 
|RS| FLURT | Xi | Read Pointer 


Notes: 

1. Xl is connected to XO of previous device. See Figure 12. 

2. Same as during Reset Cycle. 

3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


twc 
WwW 
eee tps tDH twPw ><— tWR 
tRPW tRR 

R 

tA = 

oo Nee ee) 

tRC 
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Figure 3. Asynchronous Write and Read Timing 
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Out 


14430-007A 
Figure 4. Empty Flag Timing 


4097th 


HF (See Note) 


Note: 


Depending on the precise phase of W and R, the Half-Full Flag may appear as a pulse of arbitrarily short 14430-008A 
duration of either polarity when W and R are operating asynchronously near half full. 


Figure 5. Half-Full Flag Timing 


Additional 


Last Write Next Read Reads 


Next Write 


=| 


14430-009A 
Figure 6. Full Flag Timing 
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Half-Full Flag 


The Half-Full (HF) Flag will be active LOW only when the 
net balance of the words written into the FIFO exceeds 
the number of words read out by 4097 or more. (See 
Figure 5.) 

Care should be exercised in using the Half-Full Flag, be- 
cause it is capable of producing arbitrarily short pulses. 
For example, if the FIFO contains 4097 words, and 
Read and Write pulses are applied simultaneously, the 
HF flag may produce an arbitrarily short pulse, depend- 
ing on the precise phase of Read and Write. 


HF will always settle to the correct state after the appro- 
priate delay, twHr or trHF. This property of the Half-Full 
Flag is clearly a function of the dynamic relation be- 
tween W and R. Generally, the use of level-sensitive, 
rather than edge-sensitive, status detection circuits will 
alleviate this hazard. 


Retransmit 


The retransmit function resets the read address pointer 
allowing the data that was previously read to be read 
again. This capability is useful when the block of data 
being transferred through the FIFO doesn't exceed the 
FIFO’s depth and is intended for use when there are 
8192 or less writes between reset cycles. 


The FL/RT is used as the Retransmit (RT) input in Sin- 
gle-Device Mode. The retransmit capability is intended 
foruse when there are 8192 or less writes between reset 
cycles. RT, an active LOW-going pulse of at least tar in 
duration, initializes the internal read pointer to address 
zero and leaves the write pointer unaffected. R must be 
HIGH during the retransmit cycle. The first read cycle 
should not start until tatr after the rising edge of RT. The 
flags may change state during this cycle, but they will ac- 
curately reflect the new state of the FIFO trrc after the 
falling edge of RT. (See Figure 7 and Table 1). 


Single-Device/Width-Expansion Modes 

Single-Device and Width-Expansion Modes are config- 
ured by grounding the Expansion-In (XI) input. (See Fig- 
ures 10 and 11, and Table 1.) During these modes of op- 
eration, the Half-Full Flag and Retransmit features are 
available. The Am7205A can be expanded in width to 
create FIFOs of word widths greater than nine bits. In 


tRT 


tRTC 


Note: 


Width-Expansion Mode all of the control line inputs are 
common to all devices. (See Figure 11.) Creating com- 
posite status flags can pose two hazards. 1) OR-ing the 
flag outputs is fine for the HIGH-to-LOW transition, be- 
cause the skew between devices is masked out. How- 
ever, when the flags make a LOW-to-HIGH transition, a 
false composite flag is generated due to the skew be- 
tween devices. 2) The converse is true when the flags 
are AND-ed: the LOW-to-HIGH transition is fine, and 
the HIGH-to-LOW generates a false flag. These two 
hazards can be avoided if one device’s flags are used as 
the flags for the expanded FIFO, and the write control 
circuitry and read control circuitry is designed to hold off 
sampling the flags until the worst case settling time 
(tweF, twHF, tweF, treF, taHF, and trrF) for each flag has 
elapsed. 


Depth-Expansion Mode 


Depth-Expansion Mode is configured during the Reset 
cycle. (See Figure 12 and Table 2.) Expansion Out (XO) 
of one device must be connected to Expansion In (XI) of 
the next device, with XO of the last device being con- 
nected to XI of the first device. The device that is to re- 
ceive data first has its First Load (FL) input tied LOW, 
while all other devices must have this input HIGH. Write 
and read control is passed between devices using XO 
and XI. ALOW-going pulse on XO occurs when the last 
physical location of an active device, address 8192, is 
written to, and another LOW-going pulse occurs when 
the last physical location of an active device is read. 
Only one device is enabled for writes, and only one de- 
vice is enabled for reads at any given time. 


When expanding in depth, a composite Full Flag must 
be created by OR-ing all the FF outputs together. Like- 
wise, a composite Empty Flag is created by OR-ing all 
the EF outputs together. The Half-Full Flag and 
Retransmit functions are not available in Depth-Expan- 
sion Mode. 


Compound Expansion 


FIFOs of greater width and depth than the Am7205A 
can be created by using both Width-Expansion Mode 
and Depth-Expansion Mode simultaneously. 

(See Figure 13.) 


tRTR 


14430-010A 


EF, HF and FF may change state during Retransmit as a result of the 
offset of the read and write pointers, but the flags will be valid at tatc. 


Figure 7. Retransmit Timing 
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Ww 
tRPE 
R 
tRFT 
EF 


twuz as 
Data Out x 


tA 
VAVAV, j 
a8 Gee 14430-011A 


Note: (tree = trpw, tRFT = tREF) 


Figure 8. Read Data Flow-Through Mode 


Data In 


Data Out 


Note: (twer = twew, twrT = twrF) 
14430-012A 


Figure 9. Write Data Flow-Through Mode 
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Haif-Full Flag 
Write Read 
Data In Data Out Read 
Full Flag Empty Flag Empty Flag 
Reset Retransmit Retransmit 


Expansion In 
Data Out 
14430-013A 14430-014A 
Figure 10. Single FIFO Configuration Figure 11. Width-Expansion to Form a 8192x18 FIFO 


14430-015A 


14191-016A 14430-006A 


Figure 13. FIFO Array Using Both Width-Expansion and Figure 14. Bidirectional FIFO Configuration 
Depth-Expansion Techniques 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Supply Voltage, Vcc —0.5V to +7.0 V Commercial (C) Devices 

| Input Voltage -0.5V to Vcc +0.5 V Ambient Temperature (Ta) 0°C to 70°C 
Ambient Temperature with Supply Voltage, (Vcc) +4.5V to +5.5V 
Power Applied -55°C to +125°C Operating ranges define those limits between which the func- 
Storage Temperature -55°C to +150°C tionality of the device is guaranteed. 
Power Dissipation 1.0 W 
DC Output Current 50 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


DC rg aa che over COMMERCIAL operating range unless otherwise 
spec 


peer Tae] ae 
Parameter pene 

Symbol | Parameter Description | Min. | Max. | Min. | Max. | | Min. | | Max. | 
|__In__| Input Leakage Current (any input) (Note 1)| -1 | 1 | -1 | 4 | -1 | 1 | pA 


immaterial id il 
(Note 2) 
Viq_ | Input High Voltage (all inputs except XI) ae cea V 
(Note 3) 
Vit Input Low Voltage (all inputs except XI) 
(Note 3) 


< 


__Viexi__| Input High Voltage, XI(Note3) | 3.5 | — | 35 | — | 35 | — | v_| 
input Low Voltage, XI (Note 3) = tbe a 
ee Logic “1” Voltage lon = -2 mA tA te 


Output Logic “0” Voltage lo. = 8 MA 


Average Vcc Power Supply Current 
(Note 4) 
oe ie ead Standby Current 
= RS = FURT = Vin) (Note 4) 
= Down Current mA 
(all inputs = Vcc —0.2 V) (Note 4) 


Notes: 
1. Measurements with GND < Vin < Voc. 


2. R2 Vin, GND < Vout < Vcc. 


3. Vit and Vin are input conditions of output tests and are not themselves directly tested. Vi_ and Vix are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. kcc measurements are made with outputs open. 


< 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range unless otherwise 
specified. 


Parameter 
Symbol 


Write and ies 2 Timing 

wt |Wite owioralFaptow [ea [— | [=| = | — | mre 
ies ome rart rapt |= Pao ff oe | Pe te 
[twer [Write HIGH to Empty FlagHIGH | 48 | — 


Write Pulse HIGH to Data Bus 
at LOW Z (Note 1) 


[tac __ [Read Cycle Time no et 
ee ae 8 i ee 2 ee a ee ee Ee 
ae ce 
|_tapw [Read Pulse Width 


tRLz Read Pulse LOW to Data Bus 
at LOW Z (Note 1) 


|__ tov _| Data Valid from Read PulseHIGH| 3 | 5 | —_ 


Bl: °— anal BE a i 
at HIGH Z (Note 1) 

|__tree | Read HIGH to FullFlagHIGH | 6.9 | — 

ca ogee ye Teme a a ae I eas Pe 

| tres [Read LOWto Empty FlagLow | 48 | — | 22 | — | 2 | — | 30 [ns 
Reset Timing 

fe Ce ees ee SS Se ae fe ee a ae 
|_trs |ResetPulsewith S| 2 | 15 | — | 25 | — | 35 | — | ns 


[RetransmitCycleTime | 7 | 40 | — | 45 | — 


Retransmit Pulsewiath | 7 | 20 | — | 25 [| — 
a ens et at 
Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is 
modified where these parameters may be affected. 
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AC TEST CONDITIONS 


[input rise andtalitimes | __Sns___ 


To Output 
Pin 


390 Q 30 pF* 


14430-016A 


* includes jig and scope capacitances. 


Figure 15. AC Test Load 


CAPACITANCE (Vcc = 5.0 V, Ta = +25°C, f = 1.0 MHz) 


These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is 
modified where capacitance may be affected. 
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67C401/13 67C0402/23 Advanced 
First-in First-Out (FIFO Phos : 
64 x 4, 64 x 5 CMOS MEMORY (Cascadable) 

DISTINCTIVE CHARACTERISTICS 

@ Zero standby power @ RAMN-based architecture for short fall-through 
lm High-speed 35-MHz shift-in/shift-out rates delay 

— Very low active power consumption @ Full CMOS cell for maximum noise immunity 
m TTL-compatible inputs and outputs @ Asynchronous operation 


@ Readily expandabie in word width and depth 


GENERAL DESCRIPTION 


The 67C40X/XX series devices are high-performance 
CMOS RAN-based First-In First-Out (FIFO) buffer 
memory products organized as 64 words by 4 or by 5, 
bits wide. These devices use Advanced Micro Devices 
latest CMOS process technology and meet the de- 
mands for high-speed, low-power operation. By utilizing 
anon-chip, dual-port RAM, a very short fall-through time 
is realized, thus improving overall system performance. 
By using both Read and Write pointers for addressing 


BLOCK DIAGRAM 


Input Shift 
Ready In 


Write 
Pointer 
Counter 


Output 
Enable 
(67C4013/23 only) 


Publication# 10998 Rev. C 
Issue Date: March 1991 


Amendment/0 


Data In 


Input 
Register 


Output 
Register 


Output Enable feature (67C4013/23) 


each memory location, the data can propagate to the 
outputs in much less time than in traditional register- 
based FIFOs. These FIFOs are easily integrated into 
many applications and perform particularly well for high- 
speed disc controllers, graphics, and communication 
network systems. The 550-y.watt standby power specifi- 
cation makes these devices ideal for ultra-low power 
and battery-powered systems. 


Master 
Reset 


Read 
Pointer 
Counter 


Shift Output 
Out Ready 
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CONNECTION DIAGRAMS 


67C401/13 


NC/OE [} 1° 16 Tj Vcc 


Input Ready LJ 2 15 [J Shift Out 
Shift In LJ 3 14 1} Output Ready 
Do i} 4 13 1} Oo 
i 

one do Us Mad Outputs 

Do Lj 6 

Ds Li 7 101} Os 

GND [] 8 9 | | Master Reset 
DIP 
INP NC SFT 


NC RDY OE Vcc OUT 


67C401/13 
64x 4 


FIFO 


Ds GND MR O3 NC 
Plastic Leaded Chip Carrier 


67C402/23 


NC/OE [} 1° 18 [} Vcc 
Input Ready L} 2 17 [] Shift Out 
16 1} Output Ready 


Do 15 1] Oo 
ak Di 144} O1 
ata 
In D2 131}O2 > Outputs 
Ds 121} 03 
Da 11 04 
GND 10 | Master Reset 
DIP 
INP NC SFT 


NC RDY OE Vcc OUT 


SFTIN| | 4 18] |OUTRDY 


67C¢402/23 7% 
Dil |6 64x5 16] }O1 
et? FIFO 


ee | Behe Deedee LE 


D4 GND MR O4 NC 
Plastic Leaded Chip Carrier 
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ORDERING INFORMATION 


Standard Products 


AMD standard products are available in several pone and operating ranges. The order number (Valid Combination) is 
formed by a combination of: Device Number 

. Speed Option (if applicable) 

Package Type 

. Temperature Ran 

Optional Processing 


-10 N Cc 
iS . OPTIONAL PROCESSING 

Blank = Standard processing 

d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 

. PACKAGE TYPE } 
N = 20-Pin Plastic DIP (PD 020) 
J = 20-Pin Ceramic DIP (CD 020) 
NL= 20-Pin Plastic Leaded Chip Carrier (PL 020) 


b. SPEED OPTION 


en07p 


AM67C401 


oO 


-10 = 
-15 = 
-25 = 20 MHz Shift Rate 
-35 = 
a. DEVICE NUMBER/DESCRIPTION 
Am67C401 = 64x4, Totem Pole Output 
Am67C4013 = 64x4, Three-State Output 
Am67C402 = 64x5, Totem Pole Output 
Am67C4023 = 64x5, Three-State Output 
Valid Combinations Valid Combinations 


AM67C401-10 Valid Combinations list configurations planned to be 
AM67C401-1 supported in volume for this device. Consult the lo- 
01-15 cal AMD sales office to confirm availability of specific 
AM67C4013-10 valid combinations, to check on newly released 
AM67C4013-15 combinations, and to obtain additional data on 

AMD’s standard military grade products. 

AM67C402-10 whi Ee ee en re 
* Military or Limited Military temperature range 
Ae ie products are “NPL” (Non-Compliant Products List) 
AM67C4023-10 or Non-MIL-STD-883C Compliant products only. 

AM67C4023-15 : 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Supply Voltage Vcc ~0.5Vto +7.0V ageing aaa | 

Input Voltage -15Vto +7.0V mbient Temperature (Ta ae : 
Off-state Output Voltage —0.5 to Vcc +0.5 V te ig at ware 
Storage Temperature 65°C to +150°C With Respect to Ground +4.50 V to +5.50 V 
Power Dissipation 1.0 W 


Operating ranges define those limits between which the func- 

Stresses above those listed under Absolute Maximum Rat- tionality of the device is guaranteed. 

ings may cause permanent device failure. This is a stress rat- 

ing only; functional operation of the device at these limits or 

any other conditions above those indicated in the operational 

sections of this specification is not implied. Exposure of the 

device to absolute maximum ratings for extended periods 

may affect device reliability. 


OPERATING CONDITIONS Commercial: Vcc = 5 V +10%, Ta = 0°C to +70°C 


Eaaveier 
= Parameter Description 


Soitinete A 
Saeed a 
Se. aS a see ee ee 8 See 
| twos _|inputdatasetuptosi(Shittin) | 1 | o | [ol] [oj |of | ns_ 


Input data hold time from SI 
(Shift In) 

Input data setup to IR 
(Input Ready) 

Input data hold time from IR 
(Input Ready) 


| four __| Shift out rate 


par deaeden | atheae eee ee 
Pate” [ShiltoutLOWiimea | a ee | on 


ee tel tet ee 
|_twes _|MasterResettosi Ss | 8 fos} Jes] fo] of 7)} | ns 


*See AC test and high-speed application note. 
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DC CHARACTERISTICS over operating ranges unless otherwise specified 


[Lowlevel inputvotage | || 

[Highioveliu votage | _———~—S=~i |i 
input Curent | Veo = Max, GND Wnwveo [-1[ 1-1 | | 

EsEaEs 

Cert 

boa 5.3 


° 
3 
ii 


eter 
Sy | 


V 
V 


Off-state output current Vcc = Max., GND <Vout <Vcc | 5 | 
= 204A feat [or] [oa 
Low-level output voltage Vcc = Min. V 
aa[[os[ [oat [oa 
loH = -20 nA Vcc — 0.1] Voc — 0.1] Vec — 0.1] Vcc — 0.1 
High-level output voltage Vcc = Min. wets [wee= oe 


ViH = Vcc 
Standby supply current Vit = GND ia 
ViH = Min., 
Operating supply current 
fin = fouT = Max. 


Vit = Max. 
“These are absolute voltages with respect to GND and include all overshoots due to system and/or tester noise. 
**Not more than one output should be shortened at a time, and duration of the short circuit should not exceed one second. 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 


eter 
Symbol | Parameter Description 


tint 
= 


turort | Master Reset J to Output 
Ready LOW 

Master Reset J to Input 

Ready HIGH 

Master Reset J to Outputs LOW 

Input Ready pulse HIGH 


Output Ready pulse HIGH 
Output Ready T to Data Valid 


Output Disable Delay 


A 
tea Output Enable Delay 


“See AC test and high-speed application note. 
**Enable/Disable delays refer to 67C4013/23 only. 


m 
| 
| 
Vo 
OH 


V 


bo 
& 
H* 

L 
Cc 


Ic 


me 
ry) 
o 
3 
onal 
® 
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CAPACITANCES* 


Parameter 
Symbol | Parameter Description Test Conditions 


Output capacitance Vec = 4.5 V 


*Not tested in production. 


Output Enable 


Waveform 1 


Waveform 2 


Vr=15 Closed 


Figure A. Enable and Disable 
Notes: 


1. Waveform 1 is for a data output with internal conditions such that the output is low except when disabled by the output 
control. 


2. Waveform 2 is for a data output with internal conditions such that the output is high except when disabled by the output 
control. 


ICC vs. Frequency 


loc — MA 


Ta = 0°C 
fin = fout 
Vit = Max., Vin = Min. 


Sy 5 10 15 
Frequency — MHz 


enn nn nnn ccc nner er SS SSS sess ES 
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STANDARD AC TEST LOAD 
5V 
R1 
OUTPUT TEST POINT 
R2 30 pF 


Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements made at 1.5 V 

All Diodes are 1N916 or 1N3064 


RESISTOR VALUES 


THREE-STATE TEST LOAD TEST POINT vec 
in 
$1 
CL 
5 pF 
$2 
FUNCTIONAL DESCRIPTION Data Output 


Data Input 


The FIFO consists of a dual-port RAM and two ring counters for 
read and write. After power-up, the Master Reset should be 
pulsed LOW, which internally resets both the read and write 
counters. When the Input Ready (IR) is HIGH, the FIFO is ready 
to accept DATA from the D, inputs. Data then present at the 
inputs is written into the first location of the RAM when Shift-In 
(Sl) is brought HIGH. A SI HIGH signal causes the IR to go LOW. 
When the SI is brought LOW and the FIFO is not full, IR will go 
HIGH, indicating that more room is available. The write pointer 
now points to the next location in the RAM. If the memory is full, 
then the IR will remain LOW. 


Data is read from the O, outputs. Just after the first shift-in, the 
first data word is available at the outputs, which is indicated by 
the Output Ready (OR) going HIGH. When the OR is HIGH, data 
may be shifted out by bringing the Shift-Out (SO) HIGH. A HIGH 
signal at SO causes the read pointer to point to the next location 
in the RAM, and also the OR to go LOW. Valid data is maintained 
while the SO is HIGH. When the SO is brought LOW, the OR 
goes HIGH, indicating the presence of new valid data. If the 
FIFO is emptied, OR stays LOW, and Ox remains as before, (i.e., 
data does not change if the FIFO is empty). A dual-port RAM 
inside the chip provides the capability of simultaneous and 
asynchronous writes (Shift-Ins) and reads (Shift-Outs). 


AC TEST AND HIGH-SPEED APP. NOTES 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. Device grounding and decoupling is crucial to cor- 
rect operation as the FIFO will respond to very small glitches due 
to long reflective lines, high capacitances and/or poor supply 
decoupling and grounding. Advanced Micro Devices recom- 
mends a monolithic ceramic capacitor of 0.1 uF directly between 
Voc and GND with very short lead length. In addition, care must 
be exercised in how the timing is set up and how the parameters 
are measured. For example, since an AND gate function is 
associated with both the Shift-in-Input Ready combination, as 
well as the Shift-Out-Output Ready combination, timing meas- 
urements may be misleading; i.e., a rising edge of the Shift-In 


pulse is not recognized until Input Ready is HIGH. If Input Ready 
is not HIGH due to (a) too high a frequency, or (b) FIFO being 
full or affected by Master Reset, the Shift-in activity will be 
ignored. This will affect the device from a functional standpoint, 
and will also cause the “effective” timing of Input Data Hold time 
(tiDH) and the next activity of Input Ready (tjR_) to be extended 
relative to Shift-in going HIGH. This same type of problem also 
relates to tiRH, tORL, and tOoRH. For high-speed applications, 
proper grounding technique is essential. In order to diminish 
timing ambiguities between the Shift-in-Input-Ready or Shift- 
Out-Output-Ready pairs when operating at high frequencies, it 
is recommended that the tsjH and tsOH puise widths be as 
short as possible within the specified limits. 
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Vin leat USE | See Cue = 


SHIFT IN <—— tsj}4#—_—> o——————>) 


INPUT READY eae 


ren =X cD 


tiRH— 


lips 


Figure 1. Input Timing 


SHIFT IN 


@) 
RSE | 
INPUT READY Q 


wweur oats II ATCC CACCACACINIKIKIKOKOKOKIN KIKUCHI: 2 
Figure 2. The Mechanism of Shifting Data into the FIFO 


@ Input Ready HIGH indicates space is available and a Shift-in pulse may be applied. 
@ Input Data is loaded into the first available memory location. 
@ Input Ready goes LOW indicating this memory location is full. 
@® Shift-in going LOW allows Input Ready to sense the status of the next memory location. The next memory location is empty as indicated by Input Ready HIGH. 
@® If the FIFO is already full then the Input Ready remains LOW. 
Note: Shift-in pulses applied while Input Ready is LOW will be ignored. 


SHIFT OUT 
SHIFT IN 


CG) 
INPUT READY tpt pes 


tRips {R10 ——— 


meus para YY XA XXX AAA XAXAIA HOCK 


Figure 3. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 
@ FIFO is initially full. 
@ Shift In is held HIGH. 
@ Shift Out pulse is applied. An empty location is detected by the internal pointers on the falling edge of SO. 
@® As soon as Input Ready becomes HIGH the !nput Data is loaded into this location. 


aancncnnccc ccna reece SSS SSS sss snes 
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Wout Woyt ——_—_—_—_$<_"> 
SHIFT OUT (2) 

OUTPUT 

READY ee 

=«—'ops tornp ORL 

OUTPUT VV AAAAAA/ 

sy" se TD X= 

'opH 


Figure 4. Output Timing 


@ The diagram assumes that the FIFO contains at least three words: A-Data (first input word), B-Data (second input word), and C-Data (third input word). 
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO are both high together. 


SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 


@) Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


@ Shift-Out goes HIGH causing B-Data (second input word) to advance to the output register. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


@ Output Ready goes LOW. 
@® Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
©® If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data remains the same (A-Data! 


SHIFT IN 
SHIFT OUT 


OUTPUT READY 


‘opH ——> 


Figure 6. tpy and topyH Specification 


@ FIFO initially empty. 
@ Shift-Out held HIGH. 


@ Shift-in pulse applied. A full location is detected by the internal pointers on the falling edge of Shift-in. 
@® As soon as Output Ready becomes HIGH, the word is shifted out. 


aarnn nnn nnn nnnnr renner errr seers cess SSS 
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a. oe 


Figure 7. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH 


OUTPUT READY 


@® The internal logic does not detect the presence of any words in the FIFO. 

@ New data (A) arrives at the outputs. 

@ Output Ready goes HIGH indicating arrival of the new data. 

@® Since Shift Out is held HIGH, Output Ready goes immediately LOW. 

® Assoonas Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or remain LOW depending on whether there are any additional 
words in the FIFO. 


MASTER RESET 
(MRW 
INPUT READY 


tmRiRx eee 


OUTPUT READY 


twRORL > turns ———___—_—_——— 


SHIFT IN 


DATA OUTPUTS 


MRO) 


@® FIFO is initially full Figure 8. Master Reset Timing 


NORMALIZED |... vs FREQUENCY 


Ta= 0 C, Vcc =5.5 V, fin= fouT 


O.8V<V.,<2.0V 


a 
o 


NORMALIZED Icc¢ (%) 
> 
oS 


20 


O 
0 10 20 30 
fin =fouT (MHz) 
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67C4033 


First-In First-Out (FIFO) 


64x5 Memory 10/15 MHz (Cascadable) CMOS 


DISTINCTIVE CHARACTERISTICS 

e Zero standby power 

e High-speed 15-MHz shift-in/shift-out rates 

e Very low active power consumption 

¢ TTL-compatible inputs and outputs 

¢ Readily expandabie in word width and depth 

© Half-Full and Almost-Full/Empty status flags 

e RAM-based architecture for short fall-through delay 
e Full CMOS 8-transistor cell for maximum noise immunity 
e Asynchronous operation 

e Output enabie 


GENERAL DESCRIPTION 


The 67C4033 device is a high-performance CMOS RAM-based 
First-In First-Out (FIFO) buffer product organized as 64 words 
by 5 bits wide. This device uses Monolithic Memories’ latest 
CMOS process technology and meets the demands for high- 
speed, low-power operation. By utilizing an on-chip, dual-port 
RAM, a very short fall-through time is realized, thus improving 
overall system performance. By using Read and Write pointers 
for addressing each memory location, the data can propagate to 
the outputs in much less time than in traditional register-based 
FIFOs. These FIFOs are easily integrated into many applications 
and perform particularly well for high-speed disk controllers, 
graphics, and communication network systems. The 550 pwatt 
standby power specification of this device makes it ideal for 
ultra-low-power and battery-powered systems. 


ct 
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ORDERING INFORMATION 


Part 


}6764033-10 10] CD 020, PD 020, PL 020} Com |10 MHz in/out 
— 15|CD 020, PD 020, PL 020 15 MHz in/out 


CONNECTION DIAGRAMS 
6704033 


OUTPUT 
DATA 


BLOCK DIAGRAM 


HALF FULL 
ALMOST FULL/ 
EMPTY 


Publication# 10684 Rev. A Amendment/0 


issue Date: January 1989 


DATA OUT 
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ABSOLUTE MAXIMUM RATINGS 


ey ciel deg yl kd © Re eee ee tas te ag PE ee Ce SETS Te EES eRe ee TT wut Ie roe re es te eee -05Vto7V 
FOR as ray Sau heer 6 OCS CAT Wee TAG a Ate 01 bo a PCCO NE nen Vo «biked Sets PE EA A Re ee -15Vto7V 
SAPO ATEN VOUBING oo ox oc 5 wince «Cece Sea poo 9 UTA ROLES os he ER WE OK A G's Cee Hl: hate be re -0.5 V to Voc +0.5 V 
a ET a oles ry ear y arp ata PEN Nee Se ee ene oe pe ae SS eee -65°C to +150°C 
PMA SII Sr oy, xc yaa dag nee sine sed cea 6 Sx 5. he ASE aS CERT aT 055 EE ON Da OS 1.0W 
Latch-up trigger current, all outputs ................ cece eee eee Fp ES Oss 3 030s 05 «mee EER ERO Ne ewe EEA brs Ep ee Ace ee 140 mA 


OPERATING RANGES Over Temperature Range 


Shift in LOW time 
Input data setup to SI (Shift ae 


* See AC test and high-speed application note. 


DC CHARACTERISTICS Over Operating Conditions 


co 67C4033-15 
SYMBOL PARAMETER TEST CONDITION MIN MIN MAX UNIT 


a EE Cea se 
et (apemnentee | | we cs ee eg 

Pim —[wetewnen [veneer enosinves [1 [rk 
oz [ots ospstcoren | voo=wak onosvoursvoo [ss [8S | wk 


Voc = MIN 
ou mA Bobi Ua 
IOH = -20 vA Voc -0.1 Voc -0.1 


VOH High-level output voltage Voc = MIN 
Elos"* | Output short-circuit current | VCC = MAX} Vo =0V 


VIH = VCC 
Standby supply current 100 
Lee's Voc = MAX! Vit = GND 
= ViH_ = MIN, Vip = MAX 
Operating supply current fin = four. = MAX 35 mA 


* These are absolute voltages with respect to GND (Pin 10) and include all overshoots due to system and/or tester noise. 
** Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 


VOL Low-level output voltage 
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SWITCHING CHARACTERISTICS over Operating Conditions 


Re —Leatemstmernor | [| 

Shift In | to Input Ready HIGH eine eae 

Shift Out ! to Output Ready LOW ee ean aes aeaea 
fo a ae 
emer 
ee er OE) SS 
twRORL | Master Reset ! to Output Ready LOW 

tMRIRH Master Reset ! to Input Ready HIGH 

tuRO Master Reset ! to Ouputs LOW nes 


tMMRHEL Master Reset | to Half-Full Flag LOW SSE 
tMRAEH | Master Reset! to Almost Empty Flag HIGH 
tacH Shift Out 1 to AF/E HIGH 110 


taEL Shift In t to AF/E LOW 


tary Shift In t to AF/E HIGH 


Shift Out tf to HF LOW 


| 
Output Disable Delay - Pe gee 
A 
of ae 
Output Enable Delay 


* See timing diagram for explanation of parameters. 


tHFL 


o |e |z wi 
PIN IN Ie Iz 


CAPACITANCES* 


SYMBOL PARAMETER TEST CONDITION sit 
CIN 


Input capacitance Ta = 25°C, f = 1 MHz 


* Values not tested in production. 
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THREE-STATE TEST LOAD 
TEST POINT* VCC 
R1 OUTPUT ENABLE 
$1 
WAVEFORM 1 
CL 
5 pF R2 
WAVEFORM 2 


apis > 


STANDARD A.C. TEST LOAD 
5V 
R1 
OUTPUT TEST POINT 
R2 30 pF 


Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements made at 1.5 V 

All Diodes are 1N916 or 1N3064 


$1 AND 
$2 CLOSED 


$1 CLOSED af 
VoL 
tpZ7H 
VOH 
S1 OPEN — VOH -0.5 V 
$2 CLOSED 1.5V 


$1 AND 
$2 CLOSED 


Vr =15V 


Figure A. Enable and Disabie 


Waveform 1 is for a data output with internal conditions such that the output is 
low except when disabled by the output control. 

Waveform 2 is for a data output with internal conditions such that the output is 
high except when disabled by the output control. 


RESISTOR VALUES 


FUNCTIONAL DESCRIPTION 
Data Input 


The FIFO consists of a dual-port RAM and two ring counters for 
read and write. After power-up, the Master Reset should be 
pulsed LOW, which internally resets both the read and write 
_ counters. When the Input Ready (IR) is HIGH, the FIFO is ready 
to accept DATA from the Dy inputs. Data then present at the 
inputs is written into the first location of the RAM when Shift-In 
(SI) is brought HIGH. A SI HIGH signal causes the IR to go LOW. 
When the SI is brought LOW and the FIFO is not full, IR will go 
HIGH, indicating that more room is available. The write pointer 
now points to the next location in the RAM. If the memory is full, 
then the IR will remain LOW. 


Data Output 


Data is read from the O, outputs. Just after the first shift-in, the 
first data word is available at the outputs, which is indicated by 
the Output Ready (OR) going HIGH. When the OR is HIGH, data 
may be shifted out by bringing the Shift-Out (SO) HIGH. AHIGH 
signal at SO causes the read pointer to point to the next location 
in the RAM, and also the OR to go kLOW. Valid data is maintained 
while the SO is HIGH. When the SO is brought LOW, the OR 
goes HIGH, indicating the presence of new valid data. If the 
FIFO is emptied, OR stays LOW, and Ox remains as before, (i.e., 
data does not change if the FIFO is empty). A dual-port RAM 
inside the chip provides the capability of simultaneous and 
asynchronous writes (Shift-ins) and reads (Shift-Outs). 
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AC TEST AND HIGH-SPEED APP. NOTES 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. Device grounding and decoupling is crucial to 
correct operation as the FIFO will respond to very small glitches 
due to long reflective lines, high capacitances and/or poor 
supply decoupling and grounding. Monolithic Memories recom- 
mends a monolithic ceramic capacitor of 0.1 uF directly between 
Vcc and GND with very short lead length. In addition, care must 
be exercised in how the timing is set up and how the parameters 
are measured. For example, since an AND gate function is 
associated with both the Shift-In-Input Ready combination, as 
well as the Shift-Out-Output Ready combination, timing meas- 
urements may be misleading; i.e., rising edge of the Shift-in 
pulse is not recognized until Input ready is HIGH. If Input Ready 
is not high due to (a) too high a frequency, or (b) FIFO being full 
or effected by Master Reset, the Shift-In activity will be ignored. 
This will affect the device from a functional standpoint, and will 
also cause the “effective” timing of Input Data Hold time (TjpH) 
and the next activity of Input Ready (Tjp,_) to be extended 
relative to Shift-In going HIGH. This same type of problem is 
also related to T|]RH, TORL, TORH, and the Status Flag timing as 
related to Shift-In and Shift-Out. For high-speed applications, 
proper grounding technique is essential. 
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HF AND AFE STATUS FLAGS 


The Half-Full (HF) will be high only when the net balance of 
words shifted into the FIFO exceeds the number of words shifted 
out by thirty-two or more (i.e., when the FIFO contains thirty-two 
or more words). The Almost-Full/Empty (AFE) flag will be HIGH 
when the FIFO contains fifty-six or more words or when the 
FIFO contains eight or fewer words (see Figures 9, 10, and 11). 


Care should be exercised in using the status flags because they 
are capable of producing arbitrarily short pulses. For example, if 


the FIFO contains thirty-one words, and SI and SO pulses are 
applied simultaneously, the HF flag may produce an arbitrarily 
short pulse, depending on the precise phase of SI and SO. 


The flags will always settle to the correct state after the 
appropriate delay (e.g., THFL, THFH in this example). This 
property of the status flags will clearly be a function of the 
dynamic relation between Si and SO. Generally, the use of 
level-sensitive, rather than edge-sensitive, status detection cir- 
cuits will alleviate this hazard. 


'4Wq-—_>|--- 5 —— 


SHIFT IN <—— tS] ——\~<+—__———- [SIL 


INPUT READY 


tIRH 


eens 


mpur oata )XQ{ [ton —YXAXAXAX, 


tips 


Figure 1. Input Timing 


SHIFT IN 


(3) 
SSS 


INPUT READY 


eur oata HAAN) UCCOCCCCOCONCCACCCCCACCOCORCCIC CONC 


Figure 2. The Mechanism of Shifting Data into the FIFO 


@ Input Ready HIGH indicates space is available and a Shift-in pulse may be applied. 


@ Input Data is loaded into the first available memory location. 
@® Input Ready goes LOW indicating this memory location is full. 


@ Shift-In going LOW aliows Input Ready to sense the status of the next memory location, The next memory location is empty as indicated by Input Ready HIGH. 


® If the FIFO is already full then the Input Ready remains low. 
Note: Shift-In pulses applied while Input Ready is LOW will be ignored. 
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SHIFT OUT 
SHIFT IN 


(1) 
INPUT READY tpt tiPH 


tRIDS 'RIDH 
mom OOOO OOOO OOOOLOOD CN 
Figure 3. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 


® FIFO is initially full. 

@ Shift in is held HIGH. 

® Shift Out pulse is applied. An empty location is detected by the internal pointers on the falling edge of SO. 
@® As soon as Input Ready becomes HIGH the Input Data is loaded into this location. 


Wout See Wfout 

SHIFT OUT (2) 

OUTPUT 

READY (7) 

=«—— tops <—>|'orp toRL 
KY AMAA 
DATA isbrhce eo AY, AA inet 
topH 


Figure 4. Output Timing 


@ The diagram assumes that the FIFO contains at least three words: A-Data (first input word), B-Data (second input word), and C-Data (third input word). 
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO are both high together. 


(2) 
SHIFT OUT (aes 
G) (4) 
eee are 
OUTPUT READY an pneaan ANAM isee koran Jk 
(5) 
MAAAAA) 

OUTPUT DATA A-DATA CA) B-DATA 


AORB 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 


@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


@ Shift-Out goes HIGH causing B-Data (second input word) to advance to the output register. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


@ Output Ready goes LOW. 
@ Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
© If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data remains the same (A-Data). 
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SHIFT IN 


@) 
SHIFT OUT 


OUTPUT READY 


topH ——> 


Figure 6. tpt and topH Specification 


@ FIFO is initially empty. 

@) Shift-Out is held HIGH. 

® Shift-in pulse applied. A full location is detected by the internal pointers on the falling edge of Shift-In 
@ As soon as Output Ready becomes HIGH, the word is shifted out. 


OUTPUT READY VLLLLLLLLLLLLLLLAA 


ULLAL LLL LLL LE ALLS 


Figure 7. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH 


OUTPUT DATA 


@ The internal logic does not detect the presence of any data in the FIFO. 
@ New data (A) arrives at the outputs. 

@ Output Ready goes HIGH indicating arrival of the new data. 

@® Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


© As soon as Shift Out goes LOW the Output Data is subject to change. 
Output Ready will go HIGH or remain LOW depending on whether there are any additional upstream words in the FIFO. 


MASTER RESET 
| tMRw———- 
INPUT READY 
ERIE ener een te 


OUTPUT READY 


tmwRORL—> —__—____——_tmras —_______> 


SHIFT IN 


DATA OUTPUTS 


MRO} 


Figure 8. Master Reset Timing 
@ FIFO is initially full. 
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MASTER RESET 


HALF-FULL FLAG 


ALMOST 
FULL/EMPTY 


Figure 9. twRHEL; tMRAEH Specifications 


@ FIFO intially has between 32 and 56 words. 


+'soH> 
SHIFT OUT 
~<—-—-'AEH 
ALMOST FULL/EMPTY 
—<+—'aEL 
SHIFT IN 
isi od 


Figure 10. taeH, taEL Specifications 


@ FIFO contains 9 words (one more than almost empty). 


+ tsi > 


SHIFT IN 


<—_—— ‘AFH 
ALMOST FULL/EMPTY 


—1— ‘AFL 


SHIFT OUT 


tson 
Figure 11. taFH, taFL Specifications 


@) FIFO contains 55 words (one short of almost full). 
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SHIFT IN 
<tsiHq> 
() 
HALF FULL 
—_§#_tyey wa <—tson 
SHIFT OUT 


sad I SmciaS RCC came; "OR enearen em 


Figure 12. tureL, tyFH Specifications 


@ FIFO contains 31 words (one short of half full). 


OUTPUT 
ENABLE 


SHIFT OUT 


COMPOSITE 
COMPOSITE 


INPUT 


READY 


SHIFT IN 


MASTER RESET 


HF HE 
AF/E AF/E 
HF HE 
AF 
AF/E AF/E = 
HF HE 
AF/E AF/E 


Almost Full (AF) is eight words or less to FIFO full. 
Almost Empty (AE) is eight words or less to FIFO empty 


Figure 13. 192x15 FIFO 
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PAPER 
TAPE 
READER 


ENBL Si 


INTERRUPT 


HALF FULL FLAG 


Figure 14. Application for 67C4033 “Slow and Steady Rate to Fast ‘Blocked Rate’ ” 


Note: Expanding the FIFOs in word width is done by ANDing the IR and OR as shown in Figure 13. 


loc VS. FREQUENCY 


Ta =0°C 


fin = fout 
Vit. = MAX, Vip = MIN 


O.3 5 10 15 
FREQUENCY — MHz 
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Guaranteed Distribution of tjpx, tsOH vs. Temperature (For Cascadability Only) 


67C4033-15 


67C4033-15 Voc = 4.5V 


TIME — ns 


AMBIENT TEMPERATURE — °C 


67C4033-10 Voc =45V 67C4033-10 Veco =5.5V 


TIME — ns 


AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C 


Guaranteed Distribution of top}, tsi} VS. Temperature (For Cascadability Only) 


67C4033-10/15 Voc =45V 67C4033-10/15 Voc =5.5V 


AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C 


Figure B. Cascadability 
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Am4601 


Programmable-Flags, 512 x 9 FIFO 


DISTINCTIVE CHARACTERISTICS 
@ 512 x9 RAM-based FIFO 


@ 25 and 35 ns access times 
@ Two fixed flags; full and empty 
= 


Two programmable flags; programmable 
from 1 to 511 


GENERAL DESCRIPTION 


The Am4601 is a RAM-based CMOS FIFO that is 512 
words deep with 9-bit wide words. It has two fixed flags, 
Full and Empty, and two programmable flags, program- 
mable from 1 to 511 in increments of one. 


The Am4601 can accept data and output data 
asynchronously and simultaneously at data rates from 0 
to 28.5 MHz. The Am4601 has four programming regis- 
ters which allow the user to program the two program- 
mable flags, to program the polarity of each of the four 
flags, and to change the total usable depth of the FIFO. 


BLOCK DIAGRAM 
& Write Control 
= 


Do— Da 


Programming 
Registers 


Advanced 
Micro 
Devices 


—@ Programmable polarity for all four flags 


@ Data, R, and W pinout compatible with 
industry-standard (720X) FIFOs 


™@ Programmable depth mode 


The Am4601 data, Rand Wpinoutis identical to industry 
standards 720X FIFOs. 


The Am4601 is ideally suited for data buffering applica- 
tions such as in communication, image processing, 
mass storage, DSP and printing systems. The program- 
mable flags and the programmable depth mode of the 
Am4601 are especially useful for advance status signal- 
ing and message packing required for high performance 
systems. 


Do—Ds 


Pointer 
Data [3 
Outputs 


Logic 


11684-001C 


PRODUCT SELECTOR GUIDE 


Part Number Am4601-35 


Publication# 11684 Rev. C 
Issue Date: March 1991 


Am4601-25 
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CONNECTION DIAGRAMS 
Top View 


11684-002B 
Notes: 


Pin 1 is marked for orientation for plastic packages. 
NC: No Connection. 


LOGIC SYMBOL 


Am4601 


11684-004B 


PIN DESCRIPTION 
Ds—Do 
9-Bit Input Data 


Qs—Qo 
9-Bit Output Data 


R 
Active-Low Read Control 


W 

Active-Low Write Control 
C/D 

Command/Data Selection 


C/D =1: Enables writing to the 
programming registers 

(FIFO is empty and PB = 0) 
C/D =0: Enables writing to the 
FIFO memory. 


RS 
Master Reset 


Resets, when low, the FIFO 
address pointers, and initial- 
izes the programming regis- 
ters to their default values. 


EF 


Empty Flag 
Programmable polarity 
FF 

Full Flag 
Programmable polarity 
PFO 

Programmable Flag 0 


Defaults to Almost Full (AF) 
upon reset. 


PF1 
Programmable Flag 1 


Defaults to Almost Empty 
(AE) upon reset. 


Vec 

Power Supply Pin 
Input, +5 Volts 
GND 

Ground Supply Pin 
Input, 0 Volts 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: = Davies dkaaher 


b. Speed Option (if applicable) 
c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM4601 -25 R Cc 


es e. OPTIONAL PROCESSING 
Blank = Standard processing 
d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
c. PACKAGE TYPE 
R = 28-Pin, 300-mil Plastic DIP (PD3028) 
J = 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 


b. SPEED OPTION 
-25 =25nsta 
-35 =35nsta 


a. DEVICE NUMBER/DESCRIPTION 
Am4601 
512 x 9 Programmable-flags FIFO 


Valid Combinations Valid Combinations 
AM4601-25 Valid Combinations list configurations planned to be 
AO. JG supported in volume for this device. Consult the lo- 
AM4601-35 : cal AMD sales office to confirm availability of specific 


valid combinations, and to check on newly released 
valid combinations. 
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FUNCTIONAL DESCRIPTION 


The Am4601 Programmable-Flags CMOS FIFO is de- 
signed around a 512 x 9 dual-port static RAM array (see 
block diagram). Two dedicated address counters — read 
address pointer and write address pointer-facilitate the 
sequential FIFO operation. The address pointers roll 
over to address zero after reaching address 511. 


Flag logic determines the difference between the Write 
and Read address pointers and generates the four 
Status flags. The trip points of two programmable flags 
and the polarity of all four flags are programmed via the 
programming registers. The flag logic also prevents 
overwriting the FIFO when it is full and reading the FIFO 
when it is empty. 

Resetting the FIFO is realized by pulsing the RS pin. 
Both address pointers are initialized to zero and the pro- 
gramming registers return to their default vales. 


For applications that require a FIFO of a different depth 
than 512, the Am4601 can be programmed to block writ- 
ing when the programmable flag PFO is asserted. Thus 
the Am4601 functions as a programmable-depth FIFO. 


Resetting The FIFO 


Upon power up, the FIFO must be initialized with a Re- 
set cycle (See Figure 7). For a valid Reset cycle to oc- 
cur, both the Read (R) and Write (W) must be HIGH 
through the low-to-high transition of the Reset (RS) sig- 
nal. The Reset cycle initializes the FIFO to an empty 
condition and the programming registers to a default 
state. Both address pointers are reset to zero, the pro- 
grammable depth mode is disabled, and the Register 
Programming bit in register 3 (PB) is enabled to allow 
programming of the registers. The polarity of the Full 
flag, the Empty flag and programmable flag 0 is set to 
assertive-low, and the polarity of programmable flag 1 is 
set to assertive-high. PFO is initialized to trigger at ad- 
dress 496 (AF) and PF1 is set to trigger at 16 (AE). 


Read / Write Operations 


Am4601 read and write operations are controlled by R, 
W, and C/D control lines. R controls the read operation, 
Wcontrols the write operation, and C/D the data into the 
FIFO memory or into the programming registers. 


The falling edge of R initiates the read cycle and valid 
data appears on the outputs (Qo—Qs) after the access 
time (ta). Data remains valid until ta after the rising edge 
of R and then the outputs go to high-impedance state. 
Cycling the Ralso increments the Read address pointer. 
When the FIFO is empty, R is ignored. 


Data may be written into the FIFO memory (C/D = O)or 
into the programming registers (C/D = 1, the FIFO is 
empty, and PB = 0). Wgoing low initiates the write cycle. 
Data on the input must be stable tos before and tox after 
the rising edge of W. 

When C/D = 1, PB = 0, and the FIFO is empty, the data 


will be written into the programming registers. Other- 
wise the data will be written into the FIFO memory, and 


the write address counter will be incremented. When the 
FIFO is full, or when the write blocking bit is set and the 
FiFO reaches the PFO programmed limit, the W signal is 
ignored. 


A special case of write occurs when a write operation is 
initiated while the part is full. The next read will cause FF 
to go inactive, and data can then be latched into the 
FIFO twer after the rising edge of FF (see Figure 11). 


A special case of read occurs when a read operation is 
initiated while the part is empty. The data latched in by 
the next write will be accessed ta ns after the rising edge 
of EF. Readis held active, and cannot be deasserted un- 
til tape after the rising edge of EF (see Figure 10). 


Flag Operation 


After a Reset cycle the FIFO is empty and the flags re- 
flect the FIFO’s empty status and the flag defaults (EF = 
0, FF = 1, PFO = 1, PF1 = 0). After the first write opera- 
tion, the Empty flag changes its state (to “not empty”) fol- 
lowing the rising edge of W. PFO and PF1 are asserted 
following the falling edge of the W during the cycle that 
makes the number of words in the FIFO equal to the 
flag's programmed values. The Full flag changes its 
state (from “not full” to “full”) after the falling edge of Wat 
the cycle that writes into the last location of the FIFO 
(see Figure 8). 

When reading the first word out of a full FIFO, the Full 
flag changes its state (from “full” to “not full”) after the ris- 
ing edge of R. PFO and PF1 change their state following 
the rising edge of the R during the cycle that makes the 
FIFO hold fewer words than the programmed value. 
When reading the last word from the FIFO the Empty 
flag changes status from “not-empty” to “empty” follow- 
ing the falling edge of R (See Figure 9). 


When asserted, the Full flag prevents any further write 
operations into the FIFO. Similarly, the Empty flag, 
when asserted, prevents any further read operations. 
When the FIFO is programmed as a programmable 
depth FIFO (Write Blocking Bit = 1), PFO, when as- 
serted, prevents any further write operations into the 
FIFO. Thus, PFO serves in this mode as a Full flag. 


PFO and PF1 assertion is similar to the Full Flag. They 
are asserted following the falling edge of the Write which 
takes the FIFO to the programmed depth. They are 
deasserted on the rising edge of the Read which emp- 
ties the FIFO to the programmed depth. PFO and PF1 
can be programmed to any value from 1 to 511. The 
value 0 is illegal for either PFO or PF1. 


During programming, the flags may change their states. 
The flags must be ignored during the programming se- 
quence.The flags settle to their proper states following 
the fourth register write at the end of the programming 
sequence. 
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Programming the Flags 


The Am4601 has four, 8-bit wide, programming regis- 
ters that allow the programming of: 


e Programmable flag 0 (PFO) value 
e Programmable flag 1 (PF1) value 
e Write blocking bit (WB) 

e Programming blocking bit (PB) 


The four programming registers may be programmed 
after master reset or when the FIFO is empty and 
PB=0. The registers are programmed by four sequen- 
tial write operations with C/D = 1 (see Figures 5 & 6). 


C/D = 1 routes the data from Do— D7 inputs into the pro- 
gramming registers and prevents the FIFO’s write ad- 
dress pointer from incrementing. A special register 
pointer increments automatically after each program- 
ming write operation and points to the next register. Fig- 
ure 1 shows the data format of the programming regis- 
ters. 


The four registers must be programmed in four sequen- 
tial write operation. Stopping before the completion of 
four programming cycles will result in FIFO malfunction. 
The flags change their states during programming and 
must be ignored during these four cycles. The program- 
ming registers are write-only. 


PFO Value LSB (8-bits) Register 0 
1 
PFO FF PFO 
0 1 
PF1 Value LSB (8-bits) Register 2 


1 


0 0 0 


0 0 0 0 
PFi EE PFI ; 
0 1 0 0 


11684-005B 


Figure 1. Programming Registers Format and Defaults 
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Register 0: 


Stores the 8 LSB bits of Programmable flag 0 (PFO) lo- 
cation. A Reset cycle sets register 0 to the value 496 (16 
words from full). 


Register 1: 
Stores the MSB location-bit of PFO and the following 
control bits: 


WB 


Write Blocking control bit; enables write blocking with 
PFO. 


WB = 1: Changes the PFO flag to act as a FULL flag. 
The PFO flag will block the write pulses to the 
FIFO after the flag is set. This feature can be 
used in applications where only a part of the 
512 bytes is needed. In those applications the 
programmable FIFO is used as a programma- 
ble depth FIFO. 


WB = 0: The PFO flag has no control on the 
write pulses to the FIFO. The write pulses will 
be blocked only after the FULL flag is set. 


After Reset, WB bit is 0. 
PFO Pol. 
Selects the polarity of the PFO programmable flag. 


PFO Pol =0: The programmable flag will be 
asserted-low. 

PFO Pol=1: The programmable flag will be 
asserted-high. 


After Reset, PFO Pol bit is 0. 


FF Pol. 
Selects the polarity of the FULL flag. 


FF Pol. = 0: The FULL flag will be active-low. 
FF Pol. = 1: The FULL flag will be active-high. 


After Reset, FF Pol. bit is 0. 


Register 2: 

Stores the 8 LSB bits of Programmable flag 1 (PF1) lo- 
cation. After Reset PF1 is set to 16 (16 words from 
empty). 

Register 3: 

Stores the MSB bit of PF1 location and the following 
control bits: 

PB 


Programming Blocking Bit; enables blocking of pro- 
gramming. 


PB=0: The registers are programmed by writing to 
the FIFO while the C/D input is 1, while the 
FIFO is empty.With C/D = 1, writes to the reg- 
isters while the FIFO is not empty will be ad- 
dressed to the FIFO core array and not the 
registers. The registers can be accessed 
again after a master reset, orwhen the FIFO is 
empty. After a reset cycle the PB bit is 0. 
PB=1: PB=1 disables any further writes to the regis- 
ters. The programming registers cannot be 
written into until PB is reset to 0 by a Master 
reset. PB is set by writing into the register and 
is reset by a reset cycle. 


PF1 Pol. 
Selects the polarity of the PF1 programmable flag. 


PF1 Pol. = 0: The programmable flag will be 
asserted-low. 

PF1 Pol. = 1: The programmable flag will be 
asserted-high. 


After Reset, PF1 Pol. bit is 1. 


EF Pol. | 
Selects the polarity of the EMPTY flag. 


EF Pol. = 0: The EMPTY flag will be active-low. 
EF Pol. = 1: The EMPTY flag will be active-high. 


After reset, the EF Pol. bit is 0. 
AFTER MASTER RESET 


After master-reset the programming registers go to the 
following default values: 


Register 0 j Bi Nene ae 0001 
Register 1 0: 0:0: XH 
Register 2 0001 0000 
Register 3 010X XXX0Q 


PFO: Isset at 497, asserted-low to act as an Almost 
Full, active-low flag (AF). When Low, PFO will. 
ne that the FIFO has more than 496 
words. 


PF1: Is set at 16, asserted-high to act as an Almost 
Empty, active-low flag (AE). When Low, PF1 
will indicate that the FIFO has less than 16 
words in it. 


Empty flag Polarity: Active-low 
Full flag Polarity: Active-low 


WB: _ Thewrite block is reset to 0; i.e. the FIFO willbe 
in normal operation mode. 


PB: The programming block is reset to 0 to allow 
programming of the registers. 
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APPLICATIONS 


The Am4601 programmable FIFO provides high speed 
data buffering for digital systenis. The FIFO’s program- 
mable flags allow the system designer to optimize data 
throughput and to achieve better system performance. 
The most common uses of the programmable flags are 
advance system signaling of boundary conditions, and 
message packing. The programmable depth mode is 
useful to buffer complete messziges of different lengths. 


Programmable Flags for Advance System 
Signaling 


In many systems data is generai ed or received by a sub- 
system with slow response time: (The system may gen- 
erate or receive data at one rati, but requires substan- 
tially longer time to stop, or stat the data stream). For 
such a system, time must be allowed so that the system 
can react to the full or empty flacis and prevent data loss 
due to writing into a full FIFO (or reading out of an empty 
FIFO). In many cases, the user uses the half full flag 
(HF) of a standard FIFO as a sysitem level signal to stop 
and start the data flow. While this: solution works in many 
applications, it has some drawbacks. The FIFO cannot 
be filled more than half way, resulting in inefficient use of 
a deeper (and costlier) FIFO were a less expensive, 
half-depth FIFO could be used. n other cases, the sys- 
tem is slowed to accommodate the time it takes to react 
to the flags. There, the system and the FIFO are not 
used to their best performance. 


The Am4601 programmable flags are specifically de- 
signed to answer this application. The user may pro- 
gram the two programmable flags to trip at any point. 
Thus, if the FIFO is getting near to full condition, a pro- 
grammable flag can be set to triggjer at a desired number 
of cycles before the FIFO fills up. Thus, the system gets 
an early warning with enough tim? to react to the bound- 
ary condition flags (full and empty). At the same time, 
the FIFO and the system may run at full speed allowed 
by the data stream. 


Programmable Flags for Message Packing 


In other systems, throughput and performance are 
achieved by sending complete rnessages through the 
system data channels. The reason is that a substantial 
overhead is associated with establishing a communica- 
tion channel. Be it a simple parallel bus, or a sophisti- 
cated communication trunk, it takies a long time for the 
arbitration circuits to grant a subsystem access to the 
communication channel. Passing a short, or partial 
message through the channel awards a small benefit for 
the hefty expense of arbitrating for the channel. A much 
more efficient use of communications channels is to 
send complete messages of preferred sizes. 


When a FIFO is used at either side of a communication 
channel, the system may benefit from writing into the 
FIFO acomplete message, or reading a complete mes- 
sage from it. Since a standard FIFO provides only 
empty, full, and half-full status flags, the system de- 


signer is limited to using the FIFO for message lengths 
that fit into the FIFO status signals. Moreover, the FIFO 
can be used to contain one or two messages only. 


Using the Am4601 programmable flags, the user can 
signal the system that space is provided to receive a 
message of a preferred length. Also, the flags may be 
used to tell the system on the either side that the FIFO 
contains at least one complete message for transmis- 
sion. This way, the system throughput may be optimized 
using complete message transmission and reception. 


Programmable Depth 


Where a long string of data of a particular length needs 
to be received or transmitted, the Am4601 can have its 
depth altered. The Am4601 is then programmed to dis- 
allow further write operation once one of the program- 
mable flags (PFO) is triggered. The FIFO depth can be 
therefore programmed to any length between 1 and 
511.Inthis mode the full flag is replaced by the program- 
mable flag. 


Data In 


Write 
Read 
Full Flag 


Reset ce 
C/D 


11684-006C 
Figure 2. Width-Expansion to Form a 512 x 18 FIFO 


Am4601 
Da0-8 Qs0—-8 


Qa0-8 Dp0-8 
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Figure 3. Bidirectional FIFO Mode 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Supply Voltage —0.5to +7.0 V Commercial (C) Devices 

All Signal Voltages -0.5 to +7.0V Supply Voltage +4.5 to +5.5 V 
DC Output Current Be tik Operating Temperature 0 to +70°C 
Power Dissipation 1.0W Operating ranges define those limits between which the func- 
Operating Temperature 55 to +125°C tionality of the device is guaranteed. 


Storage Temperature —65 to +155°C 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified 


Parameter 
Symbol | Parameter Description Test Conditions aie | on 


Tio | Outputrign Curent | Von=24V, voo=a5v [20 |_| ma 
5 RO ee 
Se ee eae aE = 
[tions Pe) 


Input Leakage Current GND < Vin s Vec, 
Veo # 5:5 V 
loz Output Leakage Current GND < Vout < Vcc, 
Veco =5.5.V 
lcci Static Operating Supply Current | GND < Vout < Vcc, mA 
Vcc = 5.5 V (Note 2) 
Icc2 Dynamic Operating Current, GND < Vout < Vcc, mA 
(22.2 MHz Max.) Vcc = 5.5 V (Note 2) 
Icc3 Dynamic Operating Current, GND < Vout < Vcc, mA 
(28.5 MHz Max.) Vcc = 5.5 V (Note 2) 


Notes: 


1. Vit and ViH are input conditions of output tests and are not themselves directly tested. Vit and ViH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do no attempt to test these values 
without suitable equipment. 


2. Icc measurements are made with outputs open. 


CAPACITANCE (Note 3) (Vcc= 5.0, Ta = 25°C, f = 1.0 MHz 


Parameter 
Symbol Parameter Descriptions Test Conditions boned 


Gn] rynd Capectance 
ee 


Note: 


3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where Capacitance may be affected. 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 


Parameter Am4601-25 
Symbol | Parameter Description 


ALES Se SRS CA eee 
| 2 | twew | WritePulseWidth= IS 
| 3 | twa | WriteRecovery Time 
ee ae 
pe eee i 


ae 
Poweeeue tine a 
pDatproitime: a 
eo ee C/D Setup Time ae 
Sp jeanne 
| 8 | tw | WriteLOWtoFullFlagLOWHIGH ~—s| Ss | 30 —«| Si] 80 |ons_—C 
| 9 | tw | WriteLOWtoPFO,tasserted || | | 45 | | 45 | ns __ 
[10 | —twer | Wte HIGH to Empiy Flag HIGHOW [| 90 | | 30 | ns 
[11 [tz | Write HIGH to data bus at LOWZ (Note | 70 |_| 7 | | 1s 
re | we  |[teog@eme LS Pe | 
Pome fo | Agpess (ite ty oe ee | ee ee ees 
Cy ta Restrooms dT Bl ee | ee 
dap Wy 4 met CU WSIS ne ee a ra ea ee 
| 16 | taz | ReadLOWtodatabus atLOW-Z(Note1)| | 5 


Data Valid from Read HIGH Ee eae 
| trHz | Read HIGH todatabus HIGH-Z (Note 1) | | 18 | 
Read HIGH to Full Flag HIGH/LOW See ee 
Read HIGH to PFO, 1 asserted Bee a 

Ee 2 


Read LOW to Empty Flag LOW/HIGH 
Reset Timing 


aif 
~J 
Ww Ww 


et tree | eat Cycle Time oe hs 7 i) a ee 
28] tee. | Reset Pulee Width | 8 ee one 
fee | tras | Reset Setup time ON | 26 eee 
25. |. tnen_-_'| Reset Recovery Time. 40 oe 
| 26 | ter | ResettoEmptyandPFiFlagsLow | 35 | | | 45 | ons 
Reset to Full and PFO Flags HIGH ee Coes ee ee 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified : 
where these parameters may be affected. 


a 


6-128 Am4601 


AMD a 


AC TEST CONDITIONS 


END SOV 
[input rise andifaltimes | Sns 
Input timing reference levels 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


Must Be 
Steady 


May 
Change 
from H to L 


May 


Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


Am4601 


Vcc 


1.4KQ 


Output 
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* Includes jig and scope capacitances 


Figure 4. AC Test Load 


OUTPUTS 


Will Be 
Steady 


Will Be 
Changing 
from H to L 


Will Be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High 
Impedance 
“Off” State 
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SWITCHING WAVEFORMS 


oo TW ITH 


tRC Peeaninictinicmts? 
: eee 


aRav—_—s" | <a tAR 


= (CCE) 


Figure 5. Read Timing Diagram 


84-008C 


Figure 6. Write Timing Diagram 
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Figure 7. Reset Timing Diagram 
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SWITCHING WAVEFORMS 
First Write sates 
W 1 2 15 
EE 
tWEF 
EF 
tWPF 
PF1 (AE) 
PFO (AF) 


16 496 


Last Write 
511 512 


FIFO is full 
tWFF 
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Figure 8. Flag Timing (Write Cycles) — Operated in Default Value 


First Read 
R 1 2 15 
FF 
FIFO is full 
tRFF 
EF 
PF1 (AE) 


Last Read 
$11 512 
tREF 
FIFO is empty 
<“@—— tRpr 


REE 


Figure 9. Flag Timing (Read Cycles) — Operated in Default Value 
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Data In x 


WwW 
tRPE 
R 
tWEF tRFT 
EF 


mo 


tA 
Data Out KKK 


Note: (tare = tRpw, tAFT = tREF) 10804-011B 


Figure 10. Read Data Fiow-Through Mode 


R 
W 
FE 
a {DH 
Data | Data In : 
tps 
Data Out 


10804-012C 
Note: (twrt = twrr) 


Figure 11. Write Data Flow-Through Mode 
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Am4/701 BiFIFO 


Dual 512 x 8 Bidirectional Parity Generator/Checker, Bypass 


Mode, Programmable AE/AF Flags 


DISTINCTIVE CHARACTERISTICS 
Two 512x8 FIFO buffers 


Full and Empty Flags 

Built in parity checker/generator 
Programmable Interrupt request 
Generates and detects framing bit 

Low power consumption 

@ Bidirectional full duplex communication 


GENERAL DESCRIPTION 


The Am4701 is a CMOS RAM-based, fully asynchro- 
nous, byte-wide bidirectional First In First Out (FIFO) 
device that is 512 words deep with 8-bit wide words in 
each direction. It contains two 512 x 9 FIFOs with the 
ninth bit in each array used for framing and parity 
functions. 


The Am4701 can accept and output data asynchro- 
ously and simultaneously at data rates from 0 to 
22.2 MHz for standard commercial temperature range 
products and 0 to 16.7 MHz for military temperature 
range APL products. Interrupt driven status flags are 
provided to signify Full, Empty and user programmable 


BLOCK DIAGRAM 


PORT A 


SELECTOR 


FRAMING 
GENER. / CHECKER 


Publication# 11120 Rev. C Amendment/0 


Issue Date: March 1991 


2-512 x9 BIFIFO 


flee 


Advanced 
Micro 
Devices 


@ Programmable Almost-Full and Almost-Empty 
flags 


m@ Bypass mode—Changes the Am4701 to a 
transceiver 


@ Bidirectional mailbox communication 
m@ Byte detect on read 


Almost Full and Almost Empty condition. Parity genera- 
tion/checking, programmable interrupt requests, byte- 
detection, framing and port-to port communication 
through mail boxes are provided on chip. The Am4701 
can also operate in Bypass Mode where it behaves like 
a transceiver. 

The Am4701 is ideally suited for bidirectional inter- 
processor communication and data-buffering between 
a CPU and aperipheral device. The ability to buffer large 
transfers of data and its rate adaption capabilities make 
the Am4701 useful in communication, image process- 
ing, DSP and printing systems. 


PORT B 
C/DB 


9 DATA 


SELECTOR DBO-7 
wae a 
a= FRAMING AND PARITY RDB 
i CHECKER WRB” 
oc 
Q 
Q 
Q 
c 
WR —_ —> IROB 
WR_ADDR. 
11120-011A 
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PRODUCT SELECTOR GUIDE 


* At 16.7 MHz 


CONNECTION DIAGRAMS 


Top Views 
DIPs* 
C/DA {} 1° IROB 
RDA 27 L} DBo 
WRA [} 3 26 1} DB: 
DAo |] 4 25 1} DB2 
DA; I} 5 24 1} DBs 
DA2 [} 6 23 {| DB 
Vec [} 7 22 |] GND 
DAs {|} 8 211] DBs 
GND [|] 9 20 [] DBe 
DAg [} 10 19 |} DB7 
DAs [j 11 18 L] PARITY 
DAs |} 12 WRB 
DA7 L] 13 RDB 
IROA {14 15 LJ C/DB 


* Pinout identical for both plastic and ceramic DIPs. 


Notes: 


Pin 1 is marked for orientation for plastic packages. 
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NC: No Connection. 


Access Time —~—S~dSC ns | Ss 
[Operating Range _———+| com | com | wi 


PLCC 

< wear tes 

EESekea 

ae De A rs wee 3 Eee 
DAo [15 | DBe 
DA [16 281) DB3 

DAg []7 271] NC 

Voc L8 261) DB4 
DAg 9 251] GND 
GND [}10 241] DBs 
DA, [11 231] DBg 
Nc []12 221] DB7 


DAs (313 


AMD at 


211) PARITY 
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LOGIC SYMBOL 


> SADOWD 


mo. “+20 v 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 
is formed by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM4701 -35 


e. OPTIONAL PROCESSING 
Blank = Standard processing 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


c. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 
J = 32-Pin Rectangular Plastic 
Leaded Chip Carrier (PL 032) 


b. SPEED OPTION 


-35 = 35 nsta 
-45=45nsta 


a. DEVICE NUMBER/DESCRIPTION 


Am4701 
Dual 512 x 8 Bidirectional Parity Generator/Checker, 
Bypass Mode, Programmable AE/AF Flags 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD's standard military grade products. 


Valid Combinations 


eo ae -35 
PC, JC 
| AM4701-45 -45 
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ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL Approved 
Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) is formed by a 
combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


A 
2 ears e. LEAD FINISH 


A = Hot Solder Dip 


AM4701 -45 /B X 


d. PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CD 028) 


c. DEVICE CLASS 
/B = Class B 


b. SPEED OPTION 
-45 =45nsta 


a. DEVICE NUMBER/DESCRIPTION 


Am4701 
Dual 512 x 8 Bidirectional Parity Generator/Checker, 
Bypass Mode, Programmable AE/AF Flags 


Valid Combinations Valid Combinations 
Valid Combinations list configurations planned to 
AM4701-45 /BXA be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 


specific valid combinations, to check on newly re- 
leased combinations. 


Group A Tests 


Group A Tests consist of subgroups 
1,237,639 1t 


Military Burn-in 


Military burn-in is in accordance with the current revision of MIL-STD 883, Test Method 1015, conditions A 
through E. Test conditions are selected at AMD’s option. 
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PIN DESCRIPTION 

DA7—DAo, DB7-DBo 

8-bit bidirectional data bus for port A,B. 
PARITY 

Bidirectional parity/framing bit (Port B only) 
RDA, RDB | 


Read input for port A or B. The falling edge of Read initi- 
ates a read from the FIFO or the internal registers. Both 
ports can be read simultaneously by RDA and RDB. 


WRA, WRB 


Write input to port A or B. The falling edge of Write initi- 
ates a write cycle. Both ports can write simultaneously 
by WRA and WRB. 


Am4701 


c/D 

Command/Data selection for port A or B. C/D = High: 
Read or Write to the internal registers. C/D = Low: Read 
or Write to the FIFO. 

IRQA, IRQB 


Interrupt request output of port A, B. The IRQ flag will be 
active low by any changes of status in the appropriate 
port and is reset by reading the status register of the 
same port. Each port’s IRQ flag can be masked by its 
mask register. 

Vcc 

Power Supply Pin, Input, +5 Volts 


GND 
Ground Supply Pin, Input, 0 Volts 
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FUNCTIONAL DESCRIPTION 


The Am4701 BiFIFO consists of two 512 x 8 FIFOs con- 
nected to provide bidirectional FIFO action between two 
data ports, A and B. One FIFO provides buffering in the 
direction from A to B; the other FIFO provides buffering 
from Bto A. The Am4701 also provides a set of applica- 
tion specific support logic to support communication be- 
tween microprocessors and peripheral devices. This 
logic includes the following functions: 


e Optional FIFO bypass for direct data transfer 
e 9th bit for framing bit generation and detect 

e Optional parity generate and detect on PortB 
e Optional parity error insertion as framing bit 

e Byte detect 

e Mailbox registers 


e Programmable Almost Empty and Almost Full 
flags 


e Read and write pointer reset 
e Interrupt on flag assertion 


Operation of the Am4701 BiFIFO is controlled by two 
sets of registers, one for each port. Command registers 
in each set determine the operating mode for each port, 
and Status registers in each set indicate the status of 
chip operations. The remaining registers in each set 
provide data to support status bit generation. Though 
the registers will be reset to the default state during 
power up, it is recommended to always use the master 
reset to ensure proper operation. An interrupt pin is pro- 
vided for each port. This pin can be activated by bits in its 
associated Status register and allow external hardware 
detection of a change in the status of the BiFIFO. 


There are a variety of applications of the Am4701 
BiFIFO. The bidirectional FIFO buffering feature simpli- 
fies CPU to CPU communication. The parity logic on 
Port B allows convenient communication between a 
CPU anda bus which requires parity generation and de- 
tection. The direct connect transceiver function provides 
efficient communication of command and status data 
between a CPU and a peripheral chip such as a disk 


controller while the FIFO function provides efficient buff- 
ering of its high speed data. 


Read/Write Operations 


Am4701 read and write operations are controlled by RD, 
WR and C/D control lines for each port. RD gates BiFIFO 
data to the bus, and the rising edge of the WR signal 
latches data from the bus into registers or a FIFO inthe 
Am4701. 


The C/D input selects the source or destination of the 
data. When C/D is low, data is written into or read from 
the appropriate FIFO for that port, with one exception: 
when Port A is in the Bypass mode, data will be trans- 
ferred directly between Port A and Port B, bypassing the 
FIFOs. When C/D is high, data is written to or read from 
one of the registers in the port register set. 


The register set for the Am4701 is shown in Table 1. All 
registers are read or written in a two cycle operation. 
The first cycle loads a Pointer register to select the regis- 
ter to be read, and the second cycle performs the read or 
write data transfer to the selected register. The Pointer 
register is cleared to zero by the data transfer cycle. Be- 
cause the Pointer register is cleared to zero, the Status 
register may also be read directly in a single cycle. This 
is because the zero select code corresponds to the 
Status register. The Status register is therefore always 
selected and available to be read unless the Pointer reg- 
ister has been set to another value. 


Table 1. Register Address Assignments 


a BN 
yte Detect Byte Detect 
| Outbound Mailbox _| Outbound Mailbox 


C 

B 

Outbound Mailbox 
7 Reset Write Pointer} = si 
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Pointer Register 


7 6 5 4 3 2 1 0 
Oe le ee 


The Pointer register contents select which register inthe 
register set is to be read or written, as shown in Table 1. 
The Pointer register is a write-only register. All register 
accesses are performed in two consecutive cycles: reg- 


11120-019A 


ister select cycle and register data transfer cycle. The 
Pointer register is set by the register select cycle, and it 
is reset to zero by the completion of the data transfer cy- 
cle. The format of the Pointer register is as follows. 


Function 

Writes a framing bit into the FIFO. This bit is set by writing it twice to the Pointer register. An 
80 (hex) code is written to select the Pointer register and an 80 code is written to the Pointer 
register during the transfer cycle. 


Bit Name 
FB Framing Bit 


A2-A0 RegSelect Selects a register for read or write transfer per Table 1. 


Command Register 

gee 5 4 3 3 “ 
ed Sd BR be cl hn oh us hn Los Gomme POA 
|MR {| sH | | PE {PoPe] | |__| Command, Por B 
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The Command register sets the operating mode for 
each port. The Command register format for Port A and 
Port B are different. Port Acan be put into Bypass mode, 


and Port B can enable its parity generate/detect logic as 
well as determine its polarity. The format of the com- 
mand registers is as follows. 


Bit Name Function 

MR Master Reset Software master reset. Resets both FIFOs and the register sets on both ports. Either port can 
set the master reset bit. The MR bit in the command register must be written twice consecu 
tively andthe status register of the same port must be read to complete a master reset opera- 
tion. This prevents accidental resets. Setting the MR inthe command register sets the MR bit 
in both status registers. 


SH Shift Selects the FULL, EMPTY, AE and AF flags from the other port for display in the Status regis- 
ter. This allows displaying current status of the other port. 
BP Bypass Bypass mode select (Port A only). See Bypass mode section. 


PEN Parity Enable Parity generate and check enable. (Port B only.) When this bit is set, the parity logic on PortB 
generates and checks bus parity at the Port B I/O inputs. See Parity Generate and Check 


section. 
PO/PE Odd/Even 


Status Register 


Parity Odd or Even select. PO/PE = 1 for odd parity, PO/PE = 0 for even. 


Mf 6 5 4 3 2 1 0 
Tw [rune [ewer] ar [Ae | we | aot [Pee 


The Status register indicates the status of various condi- 
tions on its associated port. The bits in the status regis- 
ter will be set automatically when those conditions occur 
and will activate the IRQ pin for the appropriate port. 
Reading the Status register will clear the PE/FD, MR, 
and the BDT bits. The mailbox bit is cleared by reading 
the Inbound Mailbox register. FULL, EMPTY, AF, and 
AE are cleared by reading the status register provided 
the condition making the bit go true ceased to exist. If the 


11120-021A 


condition causing the bit the be set is still prevalent, then 
reading the status counter makes these bit “dynamic” 
and reflect the real condition of the FIFO until the FIFO 
exits and re-enters that condition. Then, the IRQ signal 
and the appropriate bit will be asserted again. Note that 
when the Shift bit in the Command register is a one, the 
Status register will display the FULL, EMPTY, AF, end 
AE flags for the other port. The format of the Status reg- 
ister is as follows. 


Am4701 
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Bit Name Function | 

MR Master Set when either port has issued a master reset. The MR bit will be cleared by reading the 
Reset status register. 

FULL Full Outbound FIFO is full. Write command will be ignored as long as the FIFO is full. The flag is 


cleared by reading the status register and reading the FIFO in either order (see explanation 
above). The flag is also cleared by MR. 


EMPT Empty Inbound FIFO is empty. Read command will be ignored as long as the FIFO is empty. The 
flag is cleared by reading the status register and writing to the FIFO in either order (see expla- 
nation above). The flag is also cleared by MR. 


AF Almost Outbound FIFO is almost full. Set when the FIFO reaches or exceeds the depth limit pro- 
Full grammed into the AE/AF register. Cleared by reading the status register and making the 
FIFO go below the depth limit (see explanation above). The flag is also cleared by MR. 
AE Almost Inbound FIFO is almost empty. Set when the FIFO reaches or is under the depth limit pro- 
Empty grammed into the AE/AF register. Cleared by reading the status register and making the 
FIFO go above the depth limit (see explanation above). The flag is also cleared by MR. 
MB Mailbox The Inboard Mailbox register has been written into by the other port. Cleared by reading the 
Inbound Mailbox register or by MR. 
BDT ‘Byte Set when the data at the output of the inbound FIFO matches the data in the Byte Detect 
Detect register. Cleared by reading Status reg or MR. 


PE/FD Parity Error/ Setby the 9thbit of the inbound FIFO. Indicates a framing bit or Frame Detect parity errorwas 
Frame Detect inserted into the FIFO by the other port. Cleared by reading Status reg or MR. 


Mask Register 


7 6 5 4 3 2 1 0 
11120-022A 


The Mask register masks the bits of the Status register register; a zero in the Mask register disables it. The MR 
which will generate the interrupt request, IRQ. The bits bit of the Status register is unmaskable and will always 
are set by the appropriate conditions but do not trigger Cause an interrupt when set. The bit definitions for the 
the IRQ signal if masked out. A one in the Mask register Mask register are the same as for the Status register. 
enables interrupt by the corresponding bit in the Status 


Byte Detect Register 
7 6 5 4 g 2 1 0 
| Os | Ds | Ds | De | Dr | Do 
11120-023A 
The Byte Detect register contains a programmable byte Byte Detect register, the BDT flag in the Status register 


to be detected while reading the FIFO. When the data is set. 
being read from the FIFO matches the contents of the 
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AE/AF Register 


t 6 5 4 3 2 1 0 


The contents of the AE/AF register defines the limits for 
the Almost Empty and Almost Full flags. Limit program- 
ming is done in increments of 16. A code of 0 (hex) for 
either limit corresponds to 16 for the Almost Empty flag 
and (512-16) for the Almost full flag. A code of F for 


Bit Name 
AFs-0 Almost Full 


Function 
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either limit corresponds to 256 for the Almost empty flag 
and (512-256) for the Almost Full flag. Master reset will 
set this register corresponding to a limit of 16 for both AE 
and AF. In this case, AF will set at 16 writes before full, 
and AE will set at 16 reads before empty. 


Almost Full limit code: 0000 = 16, 0001 = 32, etc. 1111 = 256. 


AEso Almost Empty Almost Empty limit code: 0000 = (512-16), 0001 = (512-32), etc. 


Outbound Mailbox Register 


7 6 5 S 3 2 1 0 
| Ds | ds | Ds | de | Di | do | 


Each port has an 8-bit mailbox where it can receive mes- 
sages from the other port. The mailbox for a given port is 
called the Inbound Mailbox. The mailbox for the other 
port is called the outbound Mailbox. The Outbound Mail- 
box register is the mailbox register for the other port. 
This register is written into when a message is to be sent 
to the other port. Writing to this register will cause the 
MB bit to be set in the Status register of the other port 


Inbound Mailbox Register 
7 
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and will cause a mailbox interrupt on that port if enabled 
by its Mask register. 


The Outbound Mailbox register can be read as well as 
written. The contents of the Outbound Mailbox register 
will be cleared to zero and zeros will be read back when 
the other port reads its Inbound Mailbox register. This 
can be used to determine whether the other port has re- 
ceived the message. 


6 5 4 3 2 1 0 
Ds | De | Ds | De | Di | Do | 


The Inbound Mailbox register receives 8-bit messages 
from the other port. The other port sends a message by 
writing into its Outbound Mailbox register. The message 
thus written appears in the Inbound Mailbox for this port. 


FIFO Read and Write Pointer Reset 


The read pointer for the inbound FIFO and the write 
pointer for the outbound FIFO can be reset by writing 
with the appropriate register select code. The operation 
requires two cycle as for any other register write opera- 
tion: address latching and a (dummy) write. No data is 
actually transferred, but the appropriate pointer is reset. 
Resetting the write pointer allows overwriting a block 
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When the mailbox register has been written into, the MB 
bit is set in the Status register. The MB bit is reset and 
the mailbox register is cleared to zeros when the In- 
bound Mailbox register is read. 


that may have contained bad data. Resetting the read 
pointer allows rereading a block. 


Resetting the read or write pointers may cause errone- 
ous AF and AE flags. Only a master reset will cause cor- 
rect AF and AE flags. It is recommended that the AF and 
AE flags be masked by the Mask register when using 
these pointer reset commands. 
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Master Reset 


The master reset operation resets both FIFOs and the 
register sets on both ports. Either port can initiate a mas- 
ter reset operation. The MR bit in the command register 


ter of the same port must be read to complete a master 
reset operation. This prevents accidental resets. Setting 
the MR in the command register sets the MR bit in both 
status registers. A master reset sequence is outlined 
below: 


must be written twice consecutively and the status regis- 


Port 1 Port 2 


Port 1 writes a 1 into the MR bit of the command 
register (a 2-cycle register operation). 


Port 1 writes a 1 into the MR bit of the command 
register (a 2-cycle register operation) again. 


Both IRQ signals are asserted 
The MR bits in both status registers are set 


If port 2 reads its status register, its IRQ signal will be 
deasserted. The MR bit in the status register will not 
be cleared. 


Port 1 reads its status register 
The master reset operation is complete 


Port 1 IRQ signal is deasserted 

The MR bit of port 1’s status register is cleared. 
lf port 2 has already read its status register, the MR bit will 
now be cleared. 


lf port 2 has not read its status register yet, both IRQ and the 
MR bit will be cleared once port 2 reads it. 


After a master reset, the Am4701 will come up in the default state described below. 


e Both FIFOs cleared to empty 


e Command registers cleared 
— Port A Bypass mode disabled 
— Port B Parity generate and detect disabled 


e AE/AF register cleared to zero: i.e., AF and AE flags set to 16 


e Mask registers set to Full and Empty flags only enabled 


e IRQ is reset on both ports due to Master Reset (despite Empty condition on both ports) 


The registers will typically be reset to the default state by 
power up; however, this power up reset cannot be guar- 
anteed. Therefore, a Master Reset should always be 
performed after power up to insure proper operation. 


Status Interrupts 


If a condition for an interrupt occurs, the corresponding 
bit in the status register will be automatically set. If that 
bit is enabled by its corresponding bit in the Mask regis- 
ter, the IRQ signal for that port will be asserted. Reading 
the status register clears the IRQ signal and may clear 
the bit in the Status register as well. One exception is the 
MB, Mailbox bit which can only be cleared by reading 
the Inbound Mailbox register. 


Status register interrupts are used to signal the CPU on 
a port that something interesting has happened rather 
than having to continually poll for activity. 
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Framing Bit 


The FIFOs in the Am4701 are 512 x 9 in organization. 
Eight data bits communicate with the external port data 
buses; the ninth bit is used as a framing bit to identify 
natural divisions in the data. The Framing bit can be set 
by writing to the Pointer register with the FB bit set to 
one.Two write operations are required, one to set the 
address and one to set the framing bit (like any other 
register access). Both operations are performed with 1 
in the FB location and address 0. This will cause aone to 
be written to the ninth FIFO bit when the other eight 
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FIFO data bits are written. The Framing bit is reset to 
zero when the word is written into the FIFO. 


When the eight bits of data are read from the FIFO, the 
Framing bit is written into the FB bit of the Status regis- 
ter. If the Framing bit is a one and the corresponding 
Mask register bit is set, an interrupt will be generated. 
The Framing bit can thus be used to signal the receiving 
port that a block of data has been received, for example. 


Port B has additional capability for setting the Framing 
bit. lf Port B parity generation and detect is not enabled 
and if the Parity input pin is high during a Port B FIFO 
write, the Framing bit will be set. This allows hardware 
generation of the Framing bit. 


Parity 


The Am4701 has built-in parity generate and parity 
check logic for port B. The parity generate and check 
logic simplifies interfacing the Am4701 to a bus with byte 
parity. Parity generation for data being read from the 
FIFO and written to the bus provides the required bus 
parity bit along with the eight bits of bus data. Parity 
check logic for data being read from the bus and written 
into the FIFO provides the required parity checking on 
the data received from the bus. 


4 


Parity Generate 


Port B parity generate and check logic is enabled by a bit 
in the Port B Command register. A corresponding bit in 
the Command register defines the parity sense: odd or 
even. When this logic is enabled, parity is generated for 
data being read from the FIFO on port B. 


Parity check 


When Port B’s parity generate and check bit in the com- 
mand register is set, data coming into the FiFOonportB 
will be checked for parity. If parity error is detected port 
B’s IRQ and parity error bit will be set. The FIFO will 
automatically attach an error bit to the word in error and 


when this word comes out of port A, port A’s IRQ and 
parity error bit will be set. This will allow the recipient of 
the data to recognize the word in error and to act accord- 


ingly. 


Port A Bypass Mode Data Transfer 


The Bypass mode allows Port A to bypass the FIFOs 
and directly control the Port B data bus. In this mode, the 
Am4701 functions as a transceiver-similar to a 
74LS245. In this mode, data written to Port A will be 
gated directly onto the Port B data bus. Reading Port A 
data will read the state of the Port B data bus lines. The 
truth table for this operation is shown in Table 2. 


Bypass mode allows a CPU on Port A to control a pe- 
ripheral chip such as a disk controller on Port B. The 
CPU typically requires direct access to the command 
and status registers of the disk controller chip to set up a 
disk I/O operation. Once the operation is begun, the 
FIFOs are used to buffer the high speed disk data. By 
providing the Bypass mode, the Am4701 allows this 
communication without requiring external logic. 


Also, the Bypass mode allows port A to read from and 
write into port B’s register set. This feature is useful in 
applications where one port has “intelligent” control and 
the other port is a “slave” only. 


The Bypass mode supports the following operations 
(see table): 


Data transfer from port B to port A (Port A read) 
Data transfer from port A to port B (port A write) 
Port A access of port A registers 

Port A access of port B’s registers 


Port A access of port B’s registers is performed in two 
cycles just like an ordinary register access with the ex- 
ception that port A’s C/D signal is held Low and port B’s 
C/D is held High during both register address latching 
and register data transfer. 


Table 2. Bypass Mode Truth Table 


—— data from Port A to B registers. 
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Mailbox Operations 


Each port has an 8-bit mailbox where it can receive mes- 
sages from the other port. The mailbox for a given port is 
called the Inbound Mailbox. The mailbox for the other 
port is called the outbound Mailbox. The Outbound Mail- 
box register is the mailbox register for the other port. 
This register is written into when a message is to be sent 
to the other port. Writing to this register will cause the 
MB bit to be set in the Status register of the other port 
and will cause a mailbox interrupt on that port if enabled 
by its Mask register. 


Port 1 


Port 1 writes a message byte to Port 2 
by writing to its Outbound Mailbox register 


Port 1 reads the message it wrote in its 
Outbound Mailbox register. If all bits are zero, 
Port 2 must have read its mail. 


.... Ready for next message .... 


The Outbound Mailbox register can be read as well as 
written. The contents of the Outbound Mailbox register 
will be cleared to zero and zeros will be read back when 
the other port reads its Inbound Mailbox register. This 
can be used to determine whether the other port has re- 
ceived the message. 


An example of the mailbox passing protocol is given be- 
low. 


Port 2 


Port 2 IRQ signal is asserted and MB bit set 


Port 2 reads its Status register and recognizes 
the MB bit. The IRQ signal is reset. 


Port 2 reads its Incoming Mailbox. The mailbox 
register, and the MB bit are reset. 
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APPLICATIONS 


The Am4701 provides bidirectional buffering of high 
speed digital data. Its application support logic makes it 
_ well suited to providing communication between two 
CPUs, between a CPU and a bus and between a CPU 
and a peripheral device. 


An example of a simple 8-bit CPU-to-CPU connection is 
shown in Figure 1. In this case, parity is not used, anda 
simple, high speed communication path is set up using a 
single chip. 


CARD #1 


CPU #1 PORT A Am4701 


Figure 2 shows an example of the Am4701 used to pro- 
vide communication between a CPU and a bus with byte 
parity. In this case, the parity generation and check logic 
available on Port B is used to provide the parity genera- 
tion and checking required by the bus. The Am4701 pro- 
vides this function without requiring any external logic, 
representing a savings in chip count, board space and 
complexity. 


CARD #2 


PARITY BIT 
NOT CONNECTED 
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Figure 1. CPU-CPU Communication 


CARD #1 


PORTA Am4701 


CARD #2 
CPU #2 
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Figure 2. CPU-CPU Communication With Parity 
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In Figure 3, the Am4701 is used as a single chip inter- 
face between a CPU and a peripheral device such as a 
disk controller chip. The Am4701 provides a number of 
benefits in this single chip communication design. The 
Bypass mode allows the CPU to set up both the regis- 
ters inthe peripheral device as well as the Port Bregister 
set of the Am4701. The bidirectional FIFO function pro- 
vides buffering of data at rates up to 16 megabytes/sec- 


CPU PORTA 


8 BIT 


RD 
WR 
C/D 
ADDRESS 
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ond. Finally, the interrupt function provides direct indica- 


tion to the CPU of data transfer status of the peripheral 
device, allows the CPU to set up the most efficient mode 
of processing by exception, and provides control infor- 
mation to the peripheral interface logic (the PAL) to al- 
low it to sequence the peripheral device in a direct man- 
ner. 


PORT B PERIPHERAL 
] i 
PAL 
HAND- 
SHAKING 
SIGNALS 
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Figure 3. CPU-Peripheral Communication with Bypass 
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ABSOLUTE MAXIMUM RATINGS | OPERATING RANGES 

Supply Voltage -0.5 to +7.0 V Commercial (C) Devices 

All Signal Voltages -0.5to +7.0 V Supply Voltage +4.510 +5.5V 
_ DC Output Current - 20mA Operating Temperature 0 to +70°C 

Power Dissipation 1.0 W ; = 

Operating Temperature -55 to +125°C Se ae Spe a SOR 

eee eerie ae Case Operating Temperature -55 to +125°C 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device reli- meee = <3 

ability. Absolute maximum ratings are for system design refer- pnd product 100% tested at Te = +25°C, +125°C, and 
ence; parameters given are not tested. as ; 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL 
Products, Group A, Subgroups 1,2, 3 are tested unless otherwise noted). 


Parameter COM'L 
Symbol | Parameter Description | Test Conditions 

Output High VoH = 2.4 V, mA 
Current Vec = 4.5 V 

lot Output Low Voi= 0.4 V, +6.0 mA 
Current Vec = 4.5 V 

ViH Input High (Note 1) Vcc + Vec + V 
Voltage 0.5 0.5 

3 Vit Input LOW (Note 1) V 
Voltage 

Input Leakage GND<Vin < Vec -—10 10 —10 10 pA 
Current Voce 55 ¥V | 

loz Output Leakage GND <Vout < Vcc -10 -10 LA 
Current Veo.= 55 V 

lect Static Operating GND <Vout < Vcc 15 mA 
Supply Current Vcc = 5.5 V (Note 2) 

Icc2 Dynamic Operating GND <Vout < Vcc 120 mA 
Current, (16.7 MHz Max.) | Vcc = 5.5 V (Note 2) 

Icca Dynamic Operating GND <Vout < Vcc N/A mA 
Current, (22.5 MHz Max.) | Vcc = 5.5 V (Note 2) 


Notes: 


1. Vit and ViH are input conditions of output tests and are not themselves directly tested. Vi_L and VIH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


2. lcc measurements are made with outputs open. 


CAPACITANCE (Note 3) (Vcc = 5.0 V, Ta = 25°C, f = 1.0 MHz) 


Parameter 
Symbol Parameter Descriptions Test Conditions 


Input Capacitance Vin =0 V 
Input/Output Capacitance Vvo = 0 V 
Note: 


3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 
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AC SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified — 
(for APL Products, Group A, Subgroups 9, 10, 11 are tested unless otherise noted’) 


es —ae 
(Note 5 Description Cwin. [ wax | win. | Max 


Read Cycle Parameters 


a ia— Tet 
St. ee 
[3 | tar | Read Access time with Party ——+d| «| S| ids 
[4 | tew [Read Pulsewian ———SC~dC || || 
ES SE ND BL RES OS NE 
el on omieneenD |) ee a 
7 [tz | RD Lowe Ouputacive +‘. -s || 6 |_| we 
[8 [ ve [RD Highto OupurOsabie |__| |_| 90 | ns 

[ww [OD Hold time after ADorWA is [| 8 Pd ns 
[us [OID Setup Time to RDor WR 


Write ae Parameters 


ee 
[we [Write Pulse Wisth 
[tow [Data SetuptimetoWR 
cn amas oo) 
[17_| twa | Write RecoveyTime——~—S~id to | —+i| 1s | ide 
Ce | mn [pote fe | Pe 


maak 
=e) 


le 
© 


IRQ and Flag Timing 

21 | tmur | WritelowtoIRQlow (FULL flag) | 45 | Ss 

ae TT a eee 

SE 

| 23 | tam | ReadstatushightoIRQhigh 

a ee 
(EMPTY flag) 

| 24 | true | ReadlowtoIRQlow(AEflag) | 

eee eee 

(26 | tam [ReadiowtomBtiagreset «| «| 5 | «| ~~~ 

ee nema oS 


Bypass Timing 


[27] te [Pow Though belay Gyre) =< ® | | © | | 


Notes: 

4. This parameter refers to read/write on the same port. 
5. Switching Waveforms Reference numbers. 

* Subgroups 7 and 8 apply to functional tests. 


6-148 Am4701 


AMD zt 
AC TEST CONDITIONS 


Input pulse levels GND to 3.0 V 
Input rise and fall times 


Input timing reference levels 


Output reference levels 


Output loads See AC Test Load 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


Must Be 
Steady 


May 
Change 
from H to L 


May 


Change 
from L to H 


Don’t Care 
Any Change 
Permitted 


Does Not 
Apply 


Vcc 


1.1KQ 


Output 


11120-015A 


* Includes jig and scope capacitances 


AC Test Load 


OUTPUTS 


Will Be 
Steady 


Will Be 
Changing 
from Hto L 


Will Be 
Changing 
from L to H 


Changing 
State 
Unknown 


Center 

Line is High 
Impedence 
“Off” State 


KS0000 10 
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SWITCHING WAVEFORMS 


ao AC 


TAS (10) taH (9) 


cD ee 
RCS (11) aneraniene & 
WRA, WRB / N 
t 
RPW (4) 
eae 
TEL (18) 
t t —=— ‘Hz (8) 
RA (2), 'RAP (3) 
ff 
age {KKK LY 
112 (7) (oH (6), 
DBO - DB7 ‘FLB (27) 3 
DAO - DA7 Port A/B data to Port B/A data in Bypass Mode 
11120-016A 
Read Timing 
t 
WC (13) 
TAS (10) YAH (9) 
» Re ee ea ee eee 
"RCH (12) cs 
RDA, RDB / NI 
t 
WP (14) 
WRA, WRB 
= te Ce 
DBO - DB7 
‘ow (15) ‘DH (16) 
11120-017A 
Write Timing 
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SWITCHING WAVEFORMS 


WRA, WRB 


RDA, RDB 


'WLIL1,2 (21) 
'RLIL1,2 (24) 
IRQA, IRQB 


'RLIH (26) 


IRQA, IRQB 


IRQ Timing 
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'RHIH (23) 


'RHIH (26) 


TWHIL (22) 
'RHIL (25) 
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FIFO RAM Controller 


Features / Benefits 

© High-speed, no fall-through time 

© Deep FIFOs—16-bit SRAM address 
© Arbitration read/write 

¢ Control signals for data latching 


e Full, Half-Full, Empty, Almost flags for 
buffer sizes from 512 to 64 K 


© Three-state outputs 


Applications 

e LAN equipment 

e Data communication 

e Disk/tape controllers 

e Host-to-dedicated-processor interface 


Pin Configuration 
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Ordering Information 


Part 
Number Temperature 


Description 


The 674219 FIFO RAM Controller provides addressing control, 
status, and arbitration for a static RAM array used as a First-In- 
First-Out (FIFO) buffer. The sixteen address lines can address a 
FIFO buffer area ranging from 512 to 65,536 static RAM words. 
Control signals including W (the write enable signal for the static 
RAMs), handshaking signals for the read and write ports, and 
strobes for external data latching. 


a reereee 


The 674219 allows single-port static RAMs to resolve read and 
write request conflicts according to priority rules selected via the 
Priority-on-Read (PR) and Priority-on-Write (PW) inputs. If 
priority is given to either port, or if only one port is used, the 
maximum data rate through that port is 10 MHz. 


Block Diagram 


Ww 

RRDY 
RREGCK 
WRDY 
WREGCK 


ee CONTROL 


16-BIT 
WRITE ADDRESS 
COUNTER 


ADDRESS 
MULTIPLEXER 
AND THREE- 
STATE DRIVERS 


16-BIT 
READ ADDRESS 
COUNTER 


BUS 


FULL 
16-BIT FLAGS EMPTY 
STATUS DECODE AND 
COUNTER SELECT HF 
ALMOST 


BUFFER SIZE 
SELECT (BF2-BF0) 
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Definition of Terms 


LATCHED A request has been received by the 674219 on one 
of its ports. The request has been internally latched, but not 
sampled. 


SAMPLED The state of a latched request when it has been 
internally synchronized. 

PROCESSED A decision to perform a sampled request. 
PERFORMED When the processed request is executed as a 
memory cycle. 

PENDING REQUEST A sampled request that has been held 
until the FIFO completes its current operation(s). 


WRITE DATA PORT The register(s) where the system places 
the data that is to be written into the FIFO. 


READ DATAPORT Theregister(s) where the system reads the . 


FIFO data. 


WRITE DATA REGISTER The register(s) which serves as the 
data input to the FIFO. 


READ DATA REGISTER The register(s) where the FIFO 
leaves the read data for the system to take. 


Architecture 


The 674219 FIFO RAM Controller, together with an array of 
static RAMs and two registers, comprises a First-In-First-Out 
(FIFO) memory. (See Figure 1.) 


BFO-BF2 FLAGS CLK 


WEN REN 
WREQ FIFO RAM RREQ 

Yy CONTROLLER . 

WREGCK 674219 
ADDRESS 
STATIC 
RAM 
WRITE DATA READ 
REG REG 


Figure 1. 57/674219 In and Implementation of a FIFO Buffer 


The 674219 provides addresses and control signals to the static 
RAMs, and interfaces with the system via a write port, a read 
port, and status flags. The 674219 includes three 16-bit counters: 
a write-address counter, a read-address counter, and a status 
counter. The status flags are generated as a function of the state 
of the status counter and the buffer length selected. The write 
port has a Write REQuest (WREQ) input, a Write ENable (WEN) 
input, and a Write ReaDY (WRDY) output. The read port has a 
Read REQuest (RREQ) input, a Read ENable (REN) input, anda 


674219 


Read ReaDY (RRDY) output. Two priority-control inputs, Priority- 
on-Write (PW) and Priority-on-Read (PR), determine the priority 
rules by which the 674219 arbitrates between simultaneous read 
and write requests. The 674219 provides two clock signals 
(RREGCK, WREGCK) to the Read Data Register and the Write 
Data Register, as well as a Write signal (W) to be connected to 
the Write Enable (WE) inputs of the static RAMs. Sixteen address 
outputs provide the read and write addresses to the static RAMs. 
When both REN and WEN are HIGH, the address outputs go into 
high-impedance (Hi-Z) state, so that the static RAMs can be 
accessed externally. 


A Master Reset (MR) input allows initializing the part by clearing 
the three counters and presetting the flags. (See Table 1.) 


Table 1. Condition of Flags After Master Reset 


Pin Definitions 
Vec 5.0V+10% 
GND Ground 


CLK CLOCK—Controls synchronous operation of the device. 
All requests are sampled internally on every other LOW-to- 
HIGH transition of the clock. These transitions are called 
sampling clock edges. The first sampling clock edge is the first 
LOW-to-HIGH transition of the clock after master reset. 


BF2-BFO BUFFER SIZECONTROLS—Determine the desired 
buffer size. (See Table 3.) Setting the buffer size is essential for 
correct operation of the status flags. 


MR MASTER RESET—Clears all counters when LOW. The 
first LOW-to-HIGH transition of the clock, following a LOW- 
going Master Reset pulse, is the first sampling clock edge; the 
first request to be serviced is a write request. (See Figure 7.) 


A15-A0 ADDRESS OUTPUTS—Three-state outputs which 
provide a read address when Wis HIGH, ora write address when 
Wis LOW. A15-AQare in the Hi-Z state only when both REN and 
WEN are HIGH. 


TEST An input used during manufacturing final test. For 
normal operation, TEST should be tied to GND. 


W WRITECONTROL—Used to control the SRAM arrays Write 
Enable pin and to output enable the write data register. 

WREQ WRITE REQUEST—A LOW-going pulse on this pin 
requests a write to the FIFO. A write request can only be latched 
if the write port is enabled (WEN is LOW), and the previous 
write request has been processed (WRDY is HIGH). 


RREQ READ REQUEST—A LOW-going pulse on this pin 
requests a read from the FIFO. A read request can only be 
latched if the read port is enabled (REN is LOW), and the 
previous read request has been processed (RRDY is HIGH). 
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WEN WRITE ENABLE—When this input is HIGH, all write 
requests are ignored. When WEN is LOW and WRDY is HIGH, a 
write request (WREQ = LOW-going pulse) will be latched by the 
674219. If both WEN and REN are HIGH, the address outputs 
A15-A0 go into the Hi-Z state, permitting external access to the 
SRAM array. 


REN READ ENABLE—When this input is HIGH, all read 
requests are ignored. When REN is LOW and RRDY is HIGH, a 
read request (RREQ = LOW-going pulse) will be latched by the 
674219. If both WEN and REN are HIGH, the address outputs 
A15-A0 go into the Hi-Z state, permitting external access to the 
SRAM array. 


PW,PR WRITE PRIORITY and READ PRIORITY—These two 
inputs determine the rules governing the arbitration between 
write and read requests. (See Table 2.) These inputs must not 
both be HIGH simultaneously. 


WRDY WRITE READY—When this output is HIGH, and WEN 
is LOW, a write request may be sent to the WREQ pin. 


WRDY goes LOW on the sampling clock edge which samples 
the write request. WRDY will go HIGH on the non-sampling 
clock edge which starts the write cycle. WRDY will stay LOW if 
the FIFO is full. 


Write requests should be made only when WRDY is HIGH. 


RRDY READ READY—Whern this output is HIGH, and REN is 
LOW, a read request may be sent to the RREQ pin. 


RRDY goes LOW on the sampling clock edge which samples the 
read request. RRDY will go HIGH on the non-sampling clock 
edge which starts the read cycle. RRDY will stay LOW if the FIFO 
is empty. 

Read requests should be made only when RRDY is HIGH. 


WREGCK WRITEREGISTER CLOCK—This output is used to 
clock the write data register. 


RREGCK READ REGISTER CLOCK—This output is used to 
clock the read data register. 


EMPTY EMPTY FLAG—When HIGH, indicates that the FIFO 
is empty. Read requests are not permitted when the FIFO is 
EMPTY. 


FULL FULL FLAG—When HIGH, indicates that the FIFO is 
full. Write requests are not permitted when the FIFO is FULL. 


HF HALF-FULL FLAG—When HIGH, indicates that the FIFO 
has half, or more, of its locations occupied. 


ALMOST ALMOST FLAG—When HIGH, indicates that one of 
the following conditions exists: 


1. The FIFO is almost empty (less than sixteen words in the 
FIFO), if ALMOST is HIGH and HF is LOW. 


2. The FIFO is almost full (sixteen or less locations are 
available) if ALMOST is HIGH and HF is HIGH. 


Requests, Arbitration and Data Capture 


Aclock, supplied via the CLK input of the 57/674219, generates 
the internal sequence of events which constitutes a single FIFO 
operation. The read and write ports recognize and latch read 
and write requests asynchronously, provided that the respective 


enable (REN or WEN) is LOW, and the request window setup 
time is observed. 


The FIFO write operation is as follows (see Figure 2): 
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Stage 1 A write request is sent to the 674219 by a LOw- 
going pulse on the WREQ pin. 


Stage 2 The write request is latched internally, asynchronous 
to the clock. 


Stage 3 WRDY goes LOW on the sampling clock edge that 
latched the request to indicate to the system that the request has 
been latched and synchronized internally. WRDY also indicates 
to the system that the write port is no longer accepting write 
requests. In order to guarantee that a request is properly 
synchronized, the request must not occur during the window 
stated by the tWRQC specifications. 


Stage 4a Regardless of whether the write cycle is started or 
not, WREGCK will go HIGH for one clock cycle on the non- 
sampling clock edge that follows WRDY going LOW. The 
transition from LOW-to-HIGH on the WREGCK pin clocks data 
into the write data port, reading the data for writing to the SRAM. 


Stage 4b A decision to wait, or to perform the write cycle is 
made based on the following: 


Case? l|fread priority is set, the 674219 will process all pending 
read requests first. The write cycle will be delayed until all of the 
read cycles have been performed. Then, and only then, will the 
pending write cycle be performed. 


Case 2. If write priority is set, regardless if there is a pending 
read request or not, the write cycle will start on the next non- 
sampling clock edge that follows WRDY going LOW. If there was 
a pending read request, the read cycle will not be started until 
the write cycle has been completed. 


Case 3 If no priority is set, and there is no pending read 
request, the FRC will start the write cycle on the next non- 
sampling clock edge that follows WRDY going LOW. 


Case4 _ Ifnopriority is set, and there are simultaneous requests 
(i.e., aread request and a write request have both been latched 
before the same sampling clock edge), the FIFO will decide 
which is to be processed first according to the following: 


lf the last case of simultaneous requests (with no priority) 
performed a read cycle first, the write request will be pro- 
cessed first, followed by the read request. 


lf the last case of simultaneous requests (with no priority) 
performed a write cycle first, the read request will be pro- 
cessed first, followed by the write request. 
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Figure 2. The Stages of a FIFO Write Operation 
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Stage 5 WRDY will go HIGH on the non-sampling edge that 
starts the write cycle. 


Stage 6 Once a request has been granted, the memory cycle 
takes place over two clock cycles, starting with the non- 
sampling clock edge on which the request is granted (WRDY 
going from LOW-to-HIGH). The Write line (W) goes LOW at 
tCWL after the clock edge starting the memory cycle and stays 
low until tOCWH after the clock edge terminating the memory 
cycle. 


The FIFO read operation is as follows (see Figure 3): 


Stage 1 A read request is sent to the 674219 by a LOW- 
going pulse on the RREQ pin. 


Stage 2 The read request is latched internally, asynchronous 
to the clock. 


Stage 3 RRDY goes LOW on the sampling clock edge that 
latched the request to indicate to the system that the request has 
been latched and synchronized internally. RRDY also indicates 
to the system that the read port is no longer accepting read 
requests. In order to guarantee that a request is properly 
synchronized, the request must not occur during the window 
stated by the tRRQC specifications. 


Stage4 Adecision to wait, or to perform the read cycle is made 
based on the following: 


Case 1 If write priority is set, the 674219 will process all pend- 
ing write requests first. The read cycle will be delayed until all of 
the write cycles have been performed. Then, and only then, will 
the pending read cycle be performed. 


Case 2 If read priority is set, regardless if there is a pending 
write request or not, the read cycle will start on the next non- 
sampling clock edge that follows RRDY going LOW. If there was 
a pending write request, the write cycle will not be started until 
the read cycle .has been completed. 


Case 3 If no priority is set, and there is no pending write 
request, the FRC will start the read cycle on the next non- 
-sampling clock edge that follows RRDY going LOW. 


Case4_ Ifnopriority is set, and there are simultaneous requests 
(i.e., a read request and a write request have both been latched 
before the same sampling clock edge), the FIFO will decide 
which is to be processed first according to the following: 


1. If the last case of simultaneous requests (with no priority) 
performed a read cycle first, the write request will be 
processed first, followed by the read request. 


2. If the last case of simultaneous requests (with no priority) 
performed a write cycle first, the read request will be 
processed first, followed by the write request. 


Stage 5 RRDY will go HIGH on the non-sampling edge that 
starts the write cycle. 


Stage 6 Once a request has been granted, the memory cycle 
takes place over two clock cycles, starting with the non- 
sampling clock edge on which the request is granted (RRDY 
going from LOW-to-HIGH). Read REGister Clock (RREGCK) 
goes LOW for one clock cycle, starting with the sampling edge 
that occurred within the read memory cycle. RREGCK clocks 
data from the SRAM array to the read data port on the LOW-to- 
HIGH transition, which terminates the read cycle. 
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Figure 3. The Stages of a FIFO Read Operation 


Priority 


Two input signals, Priority-on Read (PR) and Priority -on-Write 
(PW), determine the arbitration rule which sequences the read 
and write cycles, for various cases as follows: (see Table 2): 


[ew [pe | PROny 
i ee 
[0 | ry on READ 
Po] ry on WE 


Table 2. Priority Encoding 


No-Priority Case 


If no priority is selected (PR = PW = LOW), each request is 
processed in the order it came into the FRC. 


If no priority is set and both a read and write request are latched 
before the same sampling clock edge, the 674219 will perform 
read and write cycles alternately. (See Figure 4.) 


Write Priority Case 


lf write priority is selected (PR = LOW, PW = HIGH) write 
requests are always processed before read requests (assuming 
that the requests meet the setup time). 


If write priority is set and both a read and write request are 
latched before the same sampling clock edge, (i.e., a simultan- 
eous request), the write cycle will take place first. If, before the 
next sampling clock edge, another write request is latched, 
another write cycle will take place, and the pending read request 
will not be processed. Only when the sampling clock edge 
encounters no further write requests will the pending read 
request be processed. At this time the read cycle will start and 
the RRDY output will go HIGH. (See Figure 5.) 
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Read Priority Case 


If read priority is selected (PR = HIGH, PW= LOW) read requests 
are always processed before write requests assuming that the 
requests meet the setup time). 


lf read priority is set and both a read and write request are 
latched before the same sampling clock edge, (i.e., a simultan- 
eous request), the read cycle will take place first. If, before the 
next sampling clock edge, another read request is latched, 
another read cycle will take place and the pending write request 
will not be processed. Only when the sampling clock edge 
encounters no further read requests will the pending write 
requests be processed. At this time, the write cycle will start and 
the WRDY output will go HIGH. (See Figure 6.) 
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Buffer Length 


A three-bit input control field, BF2-0, selects the buffer length 
(“depth”) of the FIFO. Any power of 2 from 512 to 65,536 may be 
chosen as the buffer length. (See Table 3.) 


Table 3. Buffer Length 


Status Flags 


The flags are generated as a function of the buffer length, 
selected via inputs BF2-BFO, and the state of the status counter. 
The status flags are: 


EMPTY WhenHIGH, the EMPTY flag indicates that the FIFO is 
empty. The EMPTY flag goes HIGH on the first sampling clock 
edge during the memory cycle which empties out the FIFO. 


FULL WhenHIGH, the FULL flag indicates that the FIFO is full, 
and no more data can be written into it until a read cycle takes 
place. The FULL flag goes HIGH on the first sampling clock 
edge during the memory write cycle which fills up the FIFO. 


HF When HIGH, the Half-Full flag indicates that the FIFO is 
filled to half its depth, or more. 


ALMOST When HIGH, the ALMOST flag indicates that one of 
the following conditions exists: 


1. The FIFO is almost empty (less than sixteen words in the 
FIFO), if ALMOST is HIGH and HF is LOW. 


2. The FIFO is almost full (sixteen or less locations are 
available) if ALMOST is HIGH and HF is HIGH. 


The flags Master Reset to the states shown in Table 1. 


First Write Cycle (After a Master Reset 
or When FIFO is Empty) 


The first LOW-to-HIGH clock edge, following Master Reset (MR) 
going LOW-to-HIGH, is the first sampling clock edge. The 
sampling clock edge occurs every other positive-going transi- 
tion of the clock. The LOW pulse on MR clears the three internal 
16-bit counters (status, read and write). The FIFO is set to the 
EMPTY state, and no read requests are allowed (RRDY = LOW). 


After an interval of at least tMRS after MR goes HIGH, a LOW- 
going pulse on the WREQ pin tells the 674219 that a write to the 
FIFO is requested. The write request is latched by the write port, 
provided that WEN is LOW. (See Figure 7.) The following sam- 
pling clock edge samples the request, and causes WRDY to go 
LOW. WRDY goes HIGH again on the next (non-sampling) posi- 
tive clock edge, regardless of priority. The write cycle takes place 
over two clock periods, starting on the positive non-sampling 
clock edge following the sampling clock edge which brought 
WRDY HIGH. The data is clocked into the external Write Data 
Register on the same non-sampling clock edge, and into the 
external Read Data Register on the second sampling clock edge, 
to allow minimal fall-through time. (See again Figure 7.) EMPTY 
will go LOW to indicate that there is valid data in the FIFO. RRDY 
goes HIGH indicating that there is data to be read from the FIFO. 
The same sequence of events occurs for the first write request 
that is initiated when the FIFO is empty. 


Methodology for Reading 


In order to maintain a consistent system level architecture, the 
674219 has been constructed such that the system should read 
the data port before a read request is sent. (See Figure 8.) 


This ability allows the FIFO a zero fall-through time on all cycles. 
The system is able to get the data from the FIFO right away, 
without having to wait for the FRC to perform a read cycle of the 
SRAMs. 


On the read port, a positive-going edge of RREGCK signals to 
the system that the read data register is being updated. The 
system should read the data first and then send a request to 
obtain the next word from memory to the read data register. 
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Figure 7. First Write After Master Reset or When FIFO Is Empty 
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Figure 8. Methodology for Reading From the FIFO 
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Write Cycle (Figure 9) 


A write request, indicated by a LOW-going pulse on the WREQ 
pin, is latched by the 674219, provided that WEN is LOW and 
WRDY is HIGH. The request is sampled internally on the sam- 
pling clock edge. WRDY goes LOW on the same sampling clock 
edge, to indicate to the system that a writé request has been 
latched and synchronized internally. In addition, WREGCK will 
go HIGH for one clock cycle on the non-sampling clock edge 
that follows WRDY going LOW, regardless of whether the write 
request is processed. The write request will be processed only if 
one of the following sets of conditions is true: 


1. Write Priority has been selected. 


If write priority has been selected, the FRC will process all 
write requests before any pending read requests. 


2. No read request has been latched. 


If no read request has been latched, regardless of priority, the 
FRC will process the write request immediately and will start 
the write memory cycle on the non-sampling clock edge that 
follows WRDY going LOW. 
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3. No priority has been selected, both a read and a write request 
occur before the same sampling clock edge (simultaneous 
request), and in the last case of a simultaneous request, the 
FRC processed the read request first. 


In this case, the 674219 will process the write request first, 
and then process the read request. 


4. Nopriority has been selected, both a read and a write request 
occur before the same sampling clock edge (simultaneous 
request), and in the last case of a simultaneous request, the 
FRC processed the write request first. 


In this case the 674219 will process the read request first, and 
then process the write request. 


Once the write request has been processed, a write cycle takes 
place over two clock cycles starting with the non-sampling clock 
edge on which WRDY goes HIGH. Wwill go LOW, tCWL after the 
start of the write cycle. W is used to Write Enable the SRAM array 
and to Output Enable the write data register. Two clocks later 
(tCWH) W will go HIGH again, terminating the write cycle. 


In order to avoid the bus contention inherent in shared-I/O 
memory systems, a delay line and an OR gate may be required 
(see Memory Interface Design Guidelines). 
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Figure 9. Write Cycle Timing 
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Read Cycle (Figure 10) 


A read request, indicated by a LOW-going pulse on the RREQ 
pin, is latched by the 674219, provided that REN is LOW and 
RRDY is HIGH. The request is sampled internally on the sam- 
pling clock edge. RRDY goes LOW on the same sampling clock 
edge to indicate to the system that a read request has been 
latched and synchronized internally. The read request is pro- 
cessed only if one of the following sets of conditions is true: 


1. Read Priority has been selected. 


lf read priority has been selected, the FRC will process all 
read requests before any pending write request. 


2. No write request has been latched. 


If no write request has been latched, regardless of priority, the 
FRC will process the read request immediately and will start 
the read memory cycle on the non-sampling clock edge that 
follows RRDY going LOW. 


3. No priority has been selected, both a read and a write request 
occur before the same sampling clock edge (simultaneous 


. w 


request), and in the last case of a simultaneous request, the 
FRC processed the write request first. 


In this case, the 674219 will process the read request first. 


4. No priority has been selected, both a read and a write request 
occur before the same sampling clock edge (simultaneous 
request), and in the last case of a simultaneous request, the 
FRC processed the read request first. 


In this case, the 674219 will process the write request first, 
and then process the read request. 


Once the read request has been processed, a read cycle takes 
place over two clock cycles starting with the non-sampling clock 
edge on which the RRDY goes HIGH. RREGCK goes LOW on 
the next sampling clock edge, stays LOW for one clock cycle, 
and goes HIGH on the following non-sampling clock edge, thus 
clocking the data which appears at the SRAM array’s data 
outputs into the Read Data Register. RREGCK going HIGH 
terminates the read cycle. 
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Figure 10. Read Cycle Timing 
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Memory Interface 
Design Guidelines 


introduction 


- The purpose of the memory interface design guideline is to aid 
the engineer in interfacing the 674219 FIFO RAM Controller 
(FRC) to an array of static RAMs. This guideline will be broken 
down into three separate sections. The first section is a timing 
analysis of the read cycle. The second section is a timing analy- 
sis of the write cycle. The final section will guide the designer 
through a real design. 


Figure 11 shows a typical SRAM interface schematic. 


Section One: 

Read Cycle Timing Analysis 

Figure 12 shows the basic timings which are critical to the read 
cycle. Some of these parameters apply to the FRC, some to the 


SRAM array, and others to external logic. For convenience, 
these parameters are broken up below: 


FRC Parameters: 

tay Clock to Address Valid Time 

tANV Clock to Address Not Valid Time 

SRAM Parameters 

tRC Read Cycle Time 

tacs Chip Select Access Time 

tAA Address Access Time 

tOH Output Data Hold Time from Address Change 
tHZ Chip Deselect to Output in High-Z 


External Logic: 
Chip Select Decoder Parameters: 


tbDECODE tpp through Decoder 
Read Data Register Parameters: 
ts Data Setup Time 

tH Data Hold Time 


Other Parameters (See Text): 


tRDREGH Clock to RDCLK High [RDCLK is the clock 
input of the Read Data Register] 


(This parameter is normally tcRRGH of the FRC) 


There are six separate equations which must each be met in 
order to determine what speed of SRAM the designer will need. 
It is assumed that the user has already specified a speed of 
operation and the external components needed. The equations 
listed can be used at any frequency, up to a maximum of a 
20-MHz clock rate. 


Since every read cycle consists of two physical clock cycles, all 
equations are with respect to 2T (2 x Cycle Time). 


The first equation which should be satisfied is the read cycle 
time (tRC). This identifies what speed SRAM is required. The 
equation is based on the total time that the address is valid minus 
the decoder time. Since the decoder has some minimum skew 
on the negating edge, this time is ADDED to the equation. The 
equation thus becomes: 
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Figure 11. A Typical SRAM Interface 


Equation 1-1 
tRC = 2T - tDECODE(max) + tDECODE(min) - tANVAV(max) 


The access time must be looked at next. There are actually two 
separate equations that help determine the access time. 


Equation 1-2 determines the address access time (tAA). tAA is 
based on the time that the address is valid before the read 
register gets clocked. The equation takes into account the setup 
time of the read data register (tS) as well. The equation is: 


Equation 1-2 


taas 2T - MAX(tayv - tRDREGH) - tS(min) 
Where MAX(tay - tRDREGH) is the maximum difference 
between tay and tRpDREGH 


Equation 1-3 determines the chip select access time (tACS). 
This time is based on the time the address is valid before the read 
register gets clocked MINUS the maximum skew through the 
chip select decoder. This is done to ensure that the decoder 
delay is taken into consideration. Again, the read register setup 
time is considered. The modified equation thus becomes: 


Equation 1-3 


taCs = 2T - tOECODE(max) - MAX(tav - tRDREGH) - tS(min) 
Where MAX(tay - tRDREGH) is the maximum difference 
between tay and tRDREGH 


The next two equations take into consideration the read data 
hold time with respect to the address (tOH), and the chip 
deselect to data outputs in High-Z time (tHZ). We will consider 
the more critical tOH. tOH can easily be determined by 
comparing the data hold time PLUS the clock to address not 
valid (tANV) time with the sum of the clock to RDCLK HIGH time 
(tRDREGH) and the data register hold time (tH). The equation 
for this becomes: 
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Equation 1-4 
tOH(min) + tANV(min) 2 tRDREGH(max) * tH(min) 


lf the SRAM has an extraordinarly long read data hold time 
(tOH), the above equation must be modified to include the now 
more Critical chip deselect to data outputs in High-Z time (tHZ). 
This is done by simply substituting tHZ for tOH. The modified 
equation is: 


Equation 1-5 
tHZ(min) * tANV(min) = tRDREGH(max) + tH(min) 


In addition to the above equations, one more is necessary in 
certain cases. In Figure 12, the read cycle is shown. At the very 
end of aread cycle, the read data register is clocked. The normal 
clocking signal for the FRC is RREGCK. Since the read data 
register’s clock is normally connected to RREGCK, if RREGCK 
goes HIGH after the data from the SRAMs goes away, the data 
will be lost. This is only true if the SRAMs have a low tOH(min). 
Normally, in all of the above equations, the clock to RREGCK 
HIGH (tCRRGH) is substituted in place of tRDREGH. In the 
cases where a low tOH does not guarantee the data will be 
properly clocked, the user has another alternative. 


By adding an external OR gate between the clock and RREGCK, 
the user can effectively shorten tCRRGH(max). The gate 
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“ANDs’ the active LOW RREGCK with the clock when it is LOW. 
This produces an active LOW output signal called RDCLK (see 
Figure 12). This will bring the edge of read register clock into 
specification for any tOH, even one of zero. Figure 11 shows a 
typical example of a SRAM interface, including this gate, should 
it be necessary. 


Because the OR gate inherently has some delay, an equation is 
necessary to calculate the new tCRRGH. (This “new” parameter 
is called tRDREGH). It should be noted that if the designer finds 
it necessary to implement this logic, due to a low tOH, he/she 
must replace the tRDREGH in Equation 1-1 through 1-5 with the 
result from the following equation, rather than the normal 
tCRRGH. The equation for the gate is: 


Equation 1-6 


'RDREGH (max) = ‘PDOR (max) 

Where tpDOR(max) iS the maximum tpp through the OR gate. 
Since the clock will bring RDCLK low some tPDOR(max) later, 
the setup time of the read data register is automatically achieved. 


The above equations complete the timing analysis for a read 
cycle. Once the user has gone through both the read and write 
cycle timings, an appropriate Static RAM may be chosen. 
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Figure 12. Read Cycle Timing 
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Section Two: 

Write Cycle Timing Analysis 

Figure 13 shows the basic timings which are critical to the write 
cycle. Some of these parameters apply to the FRC, some to the 


Static RAM array, and others to external logic. The parameters 
that are unique to the write cycle will be summarized below: 


FRC Parameters: 


tpyw Write Pulse Width HIGH 
tWHAV W HIGH to Address Valid 
tANVAV Address Not Valid to Address Valid 
tWHWRCH  WHIGH to WREGCK HIGH 
SRAM Parameters 

WV @ Write Cycle Time 

tAW Address Valid to End of Write 
tcw CS to End of Write 

twp WE Pulse Width LOW 

tow Data Valid to End of Write 
twz WE LOW to Outputs in High-Z 


External Logic: 
Write Data Register Parameters: 


tpz OE to Outputs in Low-Z 
tcp Clock to Outputs Valid 
SAMPLING EDGE 
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Other Parameters (See Text): 
tWOE tDLY(max) * tORSKEW(max) 


There are six equations which must determine the write cycle 
specifications for the Static RAM. It is assumed that the user has 
already selected the frequency of operation and the external 
components needed for his/her system. 


Since every write cycle consists of two physical clock cycles, all 
equations are with respect to 2T (2 x Cycle Time). 


The first equation which should be looked at is the write cycle 
time (tWC). This equation will determine what speed of SRAM is 
required for proper operation. This parameter is the same as the 
total time that the address is valid. This is calculated with the 
following equation: 


Equation 2-1 


tWe = 2T - taANVAV(max) 
There are three basic areas to be looked at once the write cycle 


time has been determined. The first is the access time of the 
SRAM. There are two separate equations in this area. 


The first parameter to be analyzed is the time from address valid 
to the end of write (tAW). This parameter can be calculated by 
taking the total write cycle time (2T) and subtracting from it, the 
time from W going HIGH to the next address becoming valid. 
The equation is: 
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Figure 13. Write Cycle Timing 
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Equation 2-2 


taw = 2T - tWHAV(max) 

The designer must also check the chip select to end of write time 
(tCW). This is often more critical than tAW in determining which 
SRAM to use in the system. The tCW parameter can be obtained 
in the same way as tAW except that the decode time is also 
included in the equation. The modified equation is: 


Equation 2-3 
tow = 2T - tWHAV(max) - t(DECODE(max) 


In addition to the various access times of the write cycle, the user 
must next look at the pulse width of the write signal (tWP). This is 
basically the difference between 2T and the FRC’s write time 
HIGH (tPW). The equation is: 


Equation 2-4 


twP = 2T - tpw(max) 

The last area that needs to be analyzed is the data setup time of 
the SRAM. The data setup time is specified as the time data is 
valid before write goes HIGH (tDW). 


There are three separate equations which determine the 
required tDW of the SRAM. 


The write register has a certain propagation delay from its clock 
input pulse before the data becomes valid. Data must be valid at 
least tDW before WE goes HIGH or it will be lost. The equation 
takes into account the clock to output time (tCP) of the write 
register. The equation is: 


Equation 2-5 


tow = 2T - tcP(max) - WHWRCH(max) 

The write data register is enabled by the w signal of the FRC. 
The register takes some minimum time before it enables its 
outputs from the High-Z state (tPZ). 


The SRAMs have some maximum time in which they disable 
their outputs when the WE signal goes LOW. This parameter is 
the time from WE LOW to the data outputs in High-Z (tW2Z). 


If tWZ(max) is greater than tPZ(min), bus contention will result. 
To counter this problem a delay must be introduced between the 
W signal of the FRC and the OE input of the write data register. In 
addition, an OR gate is used to bring OE HIGH shortly after W 
goes HIGH. This is illustrated in Figure 11. tWOE(max) is the 
total delay between W going LOW and OE going LOW. It is 
calculated by the following equation: 


Equation 2-6 


tWOE(max) = tDLY(max) + tPDOR(max) 
Where tpLy (max) is the maximum delay through the delay line. 


tPDOR(max) is the maximum propagation delay through the 
OR gate. 


Equation 2-5 dictated the tDW based on the clock to output time 
of the register. In most cases though, this time is automatically 
guaranteed. Since the data will not be valid (Low-Z) until some 
tPZ after OE goes LOW, even though it has been clocked 
properly, a new equation is necessary to determine the tDW of 
the SRAM. This equation must take into account the delay that 
was added in to prevent bus contention. It must also take into 
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account the tPZ time of the register. The equation is very similar 
to Equation 2-5 with those exceptions. The equation thus 
becomes: : 


Equation 2-7 


tow = 2T - tpW(max) - tPZ(max) - WOE(max) 

One additional equation is required to determine the delay line 
required to prevent bus contention. The equation for the delay 
line takes into account the maximum tPD through the OR gate. 
The equation is based on the tWZ of the SRAM and the tPZ of the 
write data register. The equation is: 


Equation 2-8 


tDLY (min) = tWZ(max) ~ tPZ(min) - tOR(min) 

The above equations complete the timing analysis of the write 
cycle. Once the user has gone through both the read and write 
cycle timings, an appropriate Static RAM may be chosen. 


An Example interface 


In order to determine any Static RAM parameters, the user must 
know several things. He/she must identify the frequency of 
operation, the read and write data registers, the chip select 
decoder, and any other logic which may be necessary. 


As an example, assume that a 5-MHz data throughput is desired. 
This will allow a 10-MHz all read or all write data rate. This data 
rate dictates a 20-MHz clock speed for the FRC. 


For worst case design, assume that the selected SRAM has a 
tOH of zero. Since tOH = Ons, there must be an external OR-gate 
to clock the read register. In addition, assume that the selected 
SRAM has a tWZ(max) < 20 ns. 


In order to resolve any bus contention a delay line and another 
OR gate will be added. 


74F series parts are used to keep the design clean. It should be 
noted that the user can use any kind of logic. Because of the 
particular worst case SRAM parameters that were chosen, this 
design contains the maximum number of parts that are required 
for any design. 


Given the above considerations, this 20-MHz design requires the 
following parts: 


Parts List: 
QTY PART DESCRIPTION 
1 674219 FIFO RAM Controller 
1 74F138 Address Decoder 
2 74F374 8-bit Register 
1 74F32 OR-Gate 
1 20 ns +10% Delay Line 


The following is a step-by-step analysis of the read and write 
equations to determine the required SRAM parameters. The 
equations will also show the delay line needed to avoid bus 
contention. 


674219 


AMD cl 


Read Equations: 
Equation 1-1 
tRC = 2T - toECODE(max) + tDECODE(min) - tANVAV(max) 


100- 9.0 + 3.0 ~ 42 
[FRC] [F138] [F138] [FRC] 


tRC <= 82.0 ns 
Equation 1-6 


tRDREGH(max) = tanv (min) - tORSKEW (max) 
‘6 6.6 
[FRC] [F32] 


tRDREGH(max) = 6.6 ns 
Equation 1-2 


tAA = 2T - MAX(tay - tRDREGH) eee) 
100- (40 - 84) - 
[FRC] [FRC] (F32] 


tAA < 66.4 ns 

Equation 1-3 

tacS<2T - tDECODE(max) - MAX(tav - tRDREGH) - tS(min) 
100- 9.0 = (0 = 64) = 86 


ae 


[FRC] [F138] [FRC] (F32] [F374] 
tacs < 57.4 ns 
Equation 1-4 
tOH(min) * CANV(min) = tRDREGH(max) + tH(min) 
0 + 218 => 84 #20 
[SRAM] [FRC] [F32] [F374] 

15 ns => 10.4ns 

Equation 1-5 


tHZ(min) * tANV(min) 2 tRDREGH(max) + tH(min) 
0) + 15 > 84 + 20 


[SRAM] [FRC] [F32] 


15ns > 10.4ns 


[F374] 


Write Equations: 
Equation 2-1 
tWC = 2T - tANVAV(max) 
100- 12 
[FRC] [FRC] 
twc = 88.0 ns 
Equation 2-2 
taAW = 2T - tWHAV(max) 
100- 25 
[FRC] [FRC] 
taw s 75.0 ns 
Equation 2-3 
tcw Ss ig WHAV(max) = “DECODE(max 
9.0 
[FRC] ae 
tcw <= 66.0 ns 


Equation 2-4 
twp S 2T - tpw(max) 
100- 25 


[F138] 


[FRC] [FRC] 
twp <= 75.0 ns 
Equation 2-5 


tows2T - tcP(max) - MARACH(Cnax) 
10-325 = 
[FRC] [F374] 


tow <= 69.5 ns 

Equation 2-8 

tDLY(min) = tWZ(max) ~ tPZ(min) - tOR(min) 
20 - 2.0 - 3.0 


ae 


[SRAM] [F374]  [F32] 
tDLY(min) = 15 ns (USE 20 ns ' 10% 
Equation 2-6 
tWOE(max) = tDLY(max) + toR(max) 


22 + 66 
[DELAY] [F32] 


tWOE(max) = 28.6 ns 

Equation 2-7 

tpw S a Mena > Palas) = yD eimanx) 
[FRC] rec 

tow = 33.9 ns 


aa ni 
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RESULTS 

READ PARAMETERS: 

Minimum tRo = 82.0 ns 

Minimum taA = 66.4 ns 

Minimum tacs = 57.4 ns 

Minimum toH =0 ns (Assumed) 

Minimum tyz =0 ns (Assumed) 

WRITE PARAMETERS: 

Minimum two = 88.0 ns 

Minimum taw = 75.0 ns 

Minimum tcw == 66.0 ns 

Minimum twp = 75.0 ns 

Minimum tow == 33.9 ns (Equation 2-7 used for tDW(min)) 
Minimum twR =0 ns (Because FRC’s twr = 0 ns) 
DELAY LINE: 


20 ns Delay Line ('10%) 


DATA IN 


F374 


FIFO RAM CONTROLLER 


‘amp &\ 


Based on those results, the Hitachi HM6168H-45 was selected. 
This is a 4096 x 4-bit Static RAM with a 45-ns access time. Its 
specifications are: 


READ PARAMETERS: 
Minimum tro = 45.0 ns 
Minimum tag = 45.0 ns 
Minimum tacs = 45.0 ns 
Minimum toH = 5.0 ns 
Minimum tyz =0Ons 
WRITE PARAMETERS: 
Minimum two = 45.0 ns 
Minimum taw = 40.0 ns 
Minimum tow = = 40.0 ns 
Minimum twp = 35.0 ns 
Minimum tow = = 20.0 ns 
Minimum twR =0 ns 


Sixteen 4K x 4-bit SRAMs are required to complete a 32K x 8-bit 
FIFO buffer. The complete design is shown in Figure 14. This 
illustrates the two OR-gates, the delay line, the decoder, the two 
registers, the Static RAM array and the 674219 FIFO RAM 
Controller in a 20-MHz design. 


674219 


CLK 


RREGCK 


F374 


Figure 14. Worst Case Design for 20 MHz 


6-166 


674219 


CLK 


DATA OUT 
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Absolute Maximum Ratings 


Ce Bae ar Stes © cane eae reer ny are ee pee frees s per rs Meee are egay Ce ars -0.5Vto7.0V 
RINNE Ba 2a, 42a eanpars NA aad Sv VA ie Ree 0 6 30 0 wi EEE oe 8bps de RET OES PERE a £08 bs dw eed wae -0.5Vto5.5V 
I IN nS oe al a ar rs tal a nes cg, vay Scena ade Pde ones RIE SET ah So -0.5Vto5.5V 
RENE WOIBCNS 5 Es 5 pole ga AeA oan ODN AR eie fe RE ss Fa 044 OREME TEST Does Wed LE gee CREE -0.5 V to 5.5 V 
OOM Ty atc Se oo St cee chee Chee Ie ee Rake fa EAE Coo Ee as -65° to +150°C 
Operating Conditions 


v 
z 
Peuxwn | CocewahnigH —SCSSC~=‘idt CN Cd C*d 
z A 


12.5 


De) 
Oo 
z 
a a 
N 


Master Reset width LOW 
Master Reset HIGH to WREQ LOW 


Priority to non-sampling clock setup time 


aa 
[WREG to WENhoidtime 
oe 


* The request window must be observed to guarantee proper operation, between min and max values are not allowed. 


— 


+ mM, a; rm] — 
ol; on} ©} O11] MP 


NM | Mh 
on; on 
* * 


Electrical Characteristics Over Operating Conditions 


COMMERCIAL 
SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 


Vj=24V 


Vcc = MIN lo. (Address) = 16 mA | 


Vcc = MIN lot (Control) = 8 mA 
Vcc = MIN lot (Flag) = 8mA 


Vcc = MIN IOH (Address) = -3 mA 
Voc = MIN IOH (Control) = -3 mA 


VOH High-level output voltage 
Vcc = MIN IOH (Flag) = -3 mA 


Output short-circuit current} Voc = MAX VOH=O0V }-20 ss -90 | mA | 


lOZH i Voc = MAX Vo =24V +40 | 
Icc Supply current Voc = MAX 


* Except TEST pin, which should always be grounded. 
** No more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
tlozi is Output leakage current plus 1), - 
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Switching Characteristics 


, MILITARY COMMERCIAL 
SYMBOL PARAMETER i MIN TYP MAX |MIN TYP MAX UNIT 


[umn | MesterResetLOwiownovMiGH ‘| 7~~|——~—Si | 
[war | MasterResetLOWsoRADYLOW __—+(| 7 [| Si 
iurwng | MasterReset LOW to WREGOKHIGH [7 | 
iurwoni | Masters LOWOWHIGH =|? 
om poe: 
quaaees. 2 
Ra 
geen 
ae 
eae > 


z 


QO 


rues 

a 

~ c 

sr 
Oe 
Assess notvidtowHiGh «| 


t 
t 
t 


W pulse width HIGH 
tWHAY W HIGH to address valid 
twHWRCH | WHIGH to WREGCK HIGH 


{CRRL Clock to RRDY LOW 
tCRRH Clock to RRDY HIGH ben’ FAQ acl 


S 

R 

p 

tCRRGL Clock to RREGCK LOW 

'CRRGH 

tanrH Address valid to RREGCK HIGH at fcik(max) | 10/110) 

tANRRH Address not valid to RREGCK HIGH Hae ees 

{CE Clock to EMPTY flag 

(CF 
A 
Z 
L 


OQ 
3 
oe 
D 
By 
m 
G) 
QO 
* 
aa 
G) 
r 
i: 
S 
x) 
ATLA TAA LAE TAARAATLAAT 


t 


Adare HZ HGH i 


* fo_k(max) = 12.5 MHz (Military). 
** foLK(max) = 20 MHz (Commercial). 


A 

W 

W 

C 

C Clock to FULL flag 
¢ 

LZ 

H 

Z 


t 
t 
t 
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Standard Test Load 
vcc 
TEST POINT VCC RL 
TEST POINT* 
a $1 
OUTPUT OUTPUT © 
CL 
CL=30pF = = = 
RL = 600 0 : 
CL = 5 pF (THREE-STATE) S2 
30 pF (NORMAL OPERATION) 
RL = 300 (2 + 
Load Circuit Load Ciruit 
for Bi-State Outputs for Three-State Outputs 
(Control and Flag Outputs) (Address Outputs) 


3V 
ENABLE 
OV 
$1 AND 
$2 CLOSED 
DATA OUTPUT $1 CLOSED 1.5V 
WAVEFORM 1 S2 OPEN 0.5V 
oT Lee VOL 
2H 

DATA OUTPUT S1 OPEN 0.5V 
WAVEFORM 2 $2 CLOSED 1.5V 


$2 CLOSED 


Waveform 1 is for an output with internal conditions such that the output is LOW except when disabled. 
Waveform 2 is for an output with internal conditions such that the output is HIGH except when disabled. 


Figure 15. Enable and Disable Timing 


4 


Notes: A. C;_ includes probe and jig capacitance. 
B. All diodes are 1N916 or 1N306A. 


C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


D. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz. Zoyt¢ = 50 2 and tk < 2.5 ns tp <2.5 ns. 
F. When measuring propagation delay times of three-state outputs, switches S1 and S2 are closed. 


m 
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Basic FIFO Design Considerations 


ct 


Designing with today’s high speed RAM-based FIFOs 
offers a neat, low overhead solution to asynchronous 
buffering. Traditionally, FiFOs have been designed with 
a register-based architecture which tends to be shallow 
in depth (typical 64 words) and has performance prob- 
lems such as long data fall-through times. 


RAM-based FIFOs such as AMD’s Am7202A/3A/4A/5A 
are architectured in such a manner to overcome the per- 
formance inadequacies of register-based FIFOs. These 
new, enhanced FIFOs incorporate a dual-port RAM as 
their core, and read/write address counters to generate 
status flags (See Figure 1). 


Proper operation of the FIFO is initiated by a master re- 
set cycle. The master reset is required to initialize the in- 
ternal pointers and to determine the FIFO mode of op- 
eration. During this period, the FIFO is preconditioned to 
accept data. Both the read and write pointers are reset 
to their zero location and the flag logic is set to reflect the 


=| 


Write 
Control 


XO/HF 


Data 
ee Inputs 
Write 


Outputs 


condition of the FIFO (Empty flag will be active). The 
FIFO is now ready to accept data. A write cycle begins 
with the falling edge of the W input and data is written 
into the first nine bit location of the RAM core. The write 
counter is then incremented. The read operation works 
in the same fashion, but is controlled by the R input sig- 
nal. Reading data out is a function of how fast the device 
can access the RAM; therefore, the limiting parameter 
is ta. 


The Am720XA is an extremely fast device, accessing 
data in 15 ns. Atthese speeds the internal device logic is 
very sensitive to ringing inputs and noisy control lines. 


Simple precautions can be taken to limit the possibility of 
incorrect operation due to false triggering. It is recom- 
mended that the user take time to insure proper design 
layout of the PC board. It is recommended that a ground 
plain board approach be used and that a decoupling ca- 
pacitor be used for each FIFO (Figure 2). 


Do — Da 


Read 
Pointer 


Data 


cl al 
= 
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Figure 1. Block Diagram of Am7205A 
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Vcc 
£ 
5V+10% 


01 —.1 pf FIFO 


7 — 15588-002A 
Figure 2. Power Supply Decoupling 


Capacitor values should range from .01pfto .1pf. Larger 
values have little effect in filtering short duration noise 
on the Vcc line. A regulated power supply should be 
used in order to ensure that the device operates within 
the Vcc specification (Vcc = 4.5 V to 5.5 V). 


Another source of noise to consider is crosstalk due to a 
very tight layout on the PC board. Trace to trace capaci- 
tance can cross-couple noise with signals on an adja- 
cent trace. High speed clock signals should be routed 
clear of control and data lines of the FIFO. 


Although an excessive inductive load normally doesn't 
cause a problem, there is a potential of output signal 
degradation due to this phenomenon. If a significant 
amount of capacitance and inductance is present, a 
transmission line reflection could occur. This will also re- 
duce the noise margin of the signal and may cause ille- 
gal triggering of the next stage. This can be remedied by 
incorporating a line buffer at the output of the FIFO or 
terminating the receiver end of the signal. 


When the output buffers switch, the FIFO must supply 
additional current through the buffer (Figure 3). This 
current is required to charge or discharge the output 
capacitance. Device packaging has a small inductance 


oan 15588-003A 


Figure 3. Buffer Configuration 


FIFO Design Considerations 


created by the package leadframe. This series package 
inductance along with the PC board inductance will re- 


duce the noise margin of the buffer. The rapid change in 


current demand in the buffer creates a transient ground 
bounce. This ground bounce is a result of V = L (di/d:), 
where V = Voltage, L = ground circuit inductance, di/d: = 
rate of change of the charge currents. 


Special attention should be given to the R and W input 
Clock lines. It is imperative that these signals be free of 
glitches and have clean edges. Under normal operation, 
rise and fall times should not be extremely long in dura- 
tion so false triggering of the on-chip pointers does not 
occur as the signal slews through threshold. These lines 
directly control the location of the read and write count- 
ers. A very narrow glitch into the counter can misclock 
the counter, scramble data or corrupt flag locations. 
Master reset would then be required to continue proper 
operation. 


System timing schemes usually use a 50% duty cycle 
clock. Typically the read and or write signals are gener- 
ated in the same manner. A narrow transition during the 
R or W active low time may cause false clocking. It is ad- 
visable to limit the read and write pulse widths. By re- 
ducing the low time to a reasonable minimum (trew, 
twew), the time a glitch can cause false counter trigger- 
ing is minimized (Figure 4). 


50% R\W 


>twPw 
CLK | | | | 
‘eae 
Reduced 
Duty Cycle 
R, W CLK 
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Figure 4. Timing Example 
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FIFO Design Considerations 


Cascading FIFOs can be achieved by simply tying the 
XO output to the XI input of the next FIFO (see Fig. 5). 
One can create the depth of a storage buffer in multiples 
of the individual FIFO density being used. For more de- 
tails on cascading FIFOs, refer to accompanying Appili- 
Cation Note in this section. 


The Am720XA series incorporates a CMOS threshold 
for it’s XI input to increase the noise immunity to that in- 
put. Excessive noise from other board signals could in- 
advertantly cause a false carry signal when the FIFOs 


are cascaded. The increased XI input HIGH threshold of 
3.5 V results in extra margin over a standard TTL logic 
interface. It should be remembered that the XO/XI inter- 
face is a dedicated FIFO signal and does not imply an 
incompatability. 


In short, the Am720XA series FIFOs are very easy to 
use. Simple considerations to board layout and timing 
makes designing with RAM-based FIFOs a clean solu- 
tion for asynchronous buffer applications. 


15588-006A 


Figure 5. Two-cascaded FIFOs. 
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Operating FIFOs On Flag Boundary Conditions 


by Patrick Wang 


at 


The Am7200, Am7201, Am7202A, Am7203A, 
Am7204A and Am7205A (256 x 9, 512 x 9, 1K x 9, 
2K x 9, 4K x 9 and 8K x 9) FIFOs have three flags, Full 
(FF), Empty (EF), and Half-Full (HF). These flags pro- 
vide the user with the status of the FIFO and prevent 
overwriting while full and reading past empty. Because 
these FIFOs can perform asynchronous and simultane- 
ous read and write operations, care must be taken when 
reading, writing and evaluating the flags near their 
boundary conditions. 


When the FIFO only has one word in it, the falling edge 
of the Read signal (R) will cause the Empty Flag (EF) to 
be asserted. All subsequent read pulses will become 
blocked and thus will be ignored while EF remains LOW. 
Note that the internal logic of this part will block reads 


only after R goes HIGH, thus there is no shortening of 
any internal read signals caused by the assertion of the 
EF. EF will go HIGH on the rising edge of W in the write 
cycle which eliminates the empty condition ( Figure 1). 


Operation of the Full Flag (FF) is analogous to EF. When 
the FIFO is one word from being full, the falling edge of 
W will cause FF to be asserted. All subsequent write 
pulses will become blocked and thus will be ignored 
while FF remains LOW. Note that the internal logic of 
this part will block writes only after W goes HIGH, thus 
there is no shortening of any internal write signals 
caused by the assertion of the EF. FF will go HIGH onthe 
rising edge of R in the read cycle which eliminates the 
full condition (Figure 2). 
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Figure 1. Normal Read Timing 
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Figure 2. Normal Write Timing 
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Operating FIFO’s on Flag Boundary Conditions 


Read data flow-through occurs when the FIFO is empty 
and R is held LOW prior to a low going write pulse. The 
rising edge of W will deassert the EF, but because R is 
held LOW, a read cycle is initiated when EF goes HIGH. 
This read then causes the EF to return LOW. EF will 
pulse HIGH with a width of not less than tart (Figure 3). 
To maintain a minimum pulse width on R, begin reads 
only after EF is HIGH, or hold R LOW for tare after the 
rising edge of EF. 


Write data flow-through occurs when the FIFO is full and 
Wis held LOW prior to alow going read pulse. The rising 
edge of R will deassert FF, but because Wis held LOW, 
a write cycle is initiated when EF goes HIGH. This write 
then causes FF to return LOW. FF will pulse HIGH with a 
width of not less than twet (Figure 4). To maintain a mini- 
mum pulse width on W, begin writes only after FF is 
HIGH, or hold WLOW for twer after the rising edge of FF. 


twpr is a Minimum pulse width defined by the deasser- 
tion of FF to the rising edge of W in a “write data flow- 
through” mode near full. tape is a minimum pulse width 
defined by the deassertion of the EF to the rising edge of 
Rina “read data flow-thru” mode near empty. Both tare 
and twer are specified equal to minimum read (trew) and 
write (twew) pulse widths. Violation of these parameters 
may create a shortened internal command pulse which 
may cause improper flag assertion and missing or 
scrambled data. 


In the data flow-through modes, holding R LOW while 
writing when empty, and holding W LOW while reading 
when full, will initiate a read and write cycle respectively. 


WwW 


Be) 


Internal EF 


in order to block a read when empty, the deassertion of 
read must preceed W going HIGH in the write cycle 
which brings the part from empty to not-empty (Figure 
5). Likewise, to block a write when full, the deassertion 
of Wmust preceed R going HIGH inthe read cycle which 
brings the part from full to not-full (Figure 6). If the user is 
not aware of this, he may inadvertantly enter a data flow- 
through condition where he must abide by trew and twew 
pulse widths. 


The Half-Full (HF) flag is asserted by the falling edge of 
W and deasserted on the rising edge of R. Because 
these FIFOs allow asynchronous assertion of the read 
and write clock lines, HF may pulse with arbitrarily short 
duration when the FIFO is operated at the half-full 
boundary condition. The FIFO is moving dynamically 
through half-full and the pulse width will be dependent 
on the precise phase of the read and write clocks. It is 
recommended that level-sensitive, rather than edge- 
sensitive, detection circuits should be used for monitor- 
ing the status of HF. 


The Am720X series FIFOs have Full, Empty and Half- 
Full flags to provide the user with the status of the FIFO 
and to prevent overwriting when full and reading when 
empty. Care must be taken in the asynchronous opera- 
tion of this part near the boundary conditions of these 
flags. Read and write clock low times should be mini- 
mized for increased noise immunity. The status flags 
should be monitored and used to control the write and 
read clocks. The user must be aware of the boundaries 
and operation of the read and write data flow-through 
modes. 


Width of Effective 
Read Pulse 


tRFT ere pie 
[oo 


Data Out Data Out Valid Mi cn 


Figure 3. Read Flow-Through Mode - 


6-174 


Operating FIFO’s on Flag Boundary Conditions 


R 
Ww Width of Effective 
Write Pulse 
Internal FF 


OSs aetee ras {WPE 
=e ams | 
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Figure 4. Write Flow-Through Mode 
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1ST Read Pulse Is Unblocked 
EF NN, (Flow-Through Mode) 
or 
\—] 18! Read Pulse Is Blocked 


EF (Normal Mode) 
15587-005A 


_ EF will switch depending on the time between W HIGH to R HIGH (twHrk). 
tWHRH < 0: Blocked 
tWHRH > 0: Flow-through may occur, twee must be observed. 


Figure 5. Read Flow-Through Boundary 
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Operating FIFO’s on Flag Boundary Conditions 


a tRHWH 


Write 
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~~ 
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(Flow-Through Mode) 


FF Cz 18! Write Pulse Is Unblocked 


= \. | 18" Write Pulse Is Blocked 
FF (Normal Mode) 
15587-006A 
FF will switch depending on the time between R HIGH to W HIGH (trHwn). 
tRHWH < 0: Blocked 
tRHWH > 0: Flow-through may occur, taPE must be observed. 


Figure 6. Write Flow-Through Boundary 
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Cascading AMD High Density CMOS FIFOs 


il 


The Am7202A, Am7203A, Am7204A and Am7205A are 
high-speed 1K x 9, 2K x 9, 4K x 9 and 8K x 9 CMOS 
FIFOs, respectively, that can be cascaded to form even 
deeper FIFOs. This application note explains how these 
AMD FIFOs canbe cascaded together, and includes de- 
tails not covered in the datasheet. The AC behavior of 
parts in cascade mode is discussed, and seven new AC 
parameters are introduced along with ‘typical’ times. 
Descriptions of composite flags and cascade pulse tim- 
ing during special Read conditions are also presented. 


In Depth Expansion mode, the combination of cascaded 
FIFOs can be considered a single FIFO. As long as input 
signals to the cascaded configuration (i.e. writes and 
reads) adhere to normal setup, hold, and recovery 
times, the FIFOs will cascade correctly. All of the signals 
passed between the FIFOs across the XI and XO lines 
are transparent to the user. Figure 1 shows a cascaded 
configuration of 3 FIFOs. The FL pin (First Load) of the 
tirst FIFO to be written to (after a master reset) is tied to 
Vss. All of the other FIFOs have their FL pin tied to Vcc. 
The XO of the first FIFO is tied to the XI of the second 
FIFO. This daisy chain configuration is continued to the 
desired depth, with the XO of the last FIFO tied to XI of 
the first FIFO. 


After a master reset, the FIFO with it’s FL pin tied to Vss 
can be thought of as possessing both a read “token” and 
a write “token.” During a write operation, only the FIFO 
with the corresponding token will recognize the write. 
Similarly, during a read operation, only the FIFO with the 
read token will recognize and latch input data. 


Consider the first FIFO in a cascade of arbitrary depth: 
After a master reset, only it will be enabled to recognize 
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writes and reads. When the write operation occurs 
which fills the FIFO, the device will “pass” the write token 
on to the next FIFO by pulsing it’s XO line. Similarly, 
when enough read operations have been performed to 
empty the FIFO, it will “pass” the read token by pulsing 
the XO line a second time. Further writes and reads will 
be ignored until the FIFO’s XI line pulses. This will 
reenable Write, while the second XI pulse will reenable 
Read. 


Noise on the XO/XI lines may cause a false low to be rec- 
ognized by a FIFO. This event could insert an additional 
token into the cascade of FIFOs, and subsequent reads 
and writes could be recognized by multiple FIFOs. To 
improve noise margins on the XO and XI pins, the 
Am720XA family of High Density CMOS FIFOs uses 
CMOS levels instead of TTL levels. The Vit and Vin DC 
characteristics of these pins are given in the datasheet 
as Vinxi and ViLxi. 


The cascade output, XO, is multiplexed with HF, so the 
Half-Full flag may not be used in cascade mode. The 
Empty and Full flags, however, are functional for the in- 
dividual FIFOs ina cascaded configuration. As shown in 
Figure 1, Compound-Full (all FIFOs full) and Com- 
pound-Empty (all FIFOs empty) are simple to imple- 
ment. Individual FIFOs’ Empty and Full flags may be tied 
together to generate various intermediate compound 
flags. Figure 2 shows a cascade of four FIFOs with vari- 
ous intermediate positions of the read and write point- 
ers, and the FIFOs’ individual flag values. 


Below are switching characteristics and times for seven 
cascade parameters. Full descriptions of the XO and XI 
pulse timing follow. All parameters timing is ‘typical.’ 
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SWITCHING CHARACTERISTICS. All values are ‘typical’ 


Expansion Timing 


Positive XI pulse- 


width during Flow- 
Through. 


tpxo Positive XO pulse- 


width during Flow- 
Through 


txo Negative XO pulse- 35 
width 


Note: 
These parameters are transparent to the user. AMD FIFOs are guaranteed to cascade correctly. 


The first three AC parameters are simply delays. txo1 
and txou are delays from rising and falling clock edge, to 
XO response (as shown in Figure 3). txis represents the 
delay necessary after a token has been passed before a 
write or read operation can be initiated (as shown in 
Figure 4). 


tx! represents a negative pulse width (see figure 4). XO 


must stay low enough for the next FIFO to recognize the 
token it is receiving. As long as the minimum Write and 
Read clock pulse widths (twew and trpw, respectively) 
are met, txi will meet its required width. 


tpxi represents a positive pulse width requirement. The 
minimum pulse width will appear only during Read Flow- 
Through Mode. The reader may wish to read the accom- 
panying application note, “FIFO Boundary Issues” to fa- 
miliarize himself with this special condition. Referring to 
figure 5, the last read operation in a FIFO (which has 
both the read and write tokens) is begun while the part is 


Parameter Parameter Am720XA | Am720XA} Am720XA | Am720XA 
Symbol Description -15 -25 -35 -50 


txOL Expansion Out Low 
Delay from Clock 
Expansion Out High 
oor from Clock 


[is este coax [ee [es 


tx! Negative XI pulse- 
width 


in an empty state. The write operation is begun while 
read is active and the part is empty. This is referred to as 
Flow-Through Mode (this mode is only significant for 
cascading when the write and read operations in ques- 
tion are the last of each for that FIFO). The rising edge 
of the first XO pulse will go high txon after the rising edge 
of the last write. The falling edge, however, is measured 
from the rising edge of the empty flag instead of the fall- 
ing edge of read. The EF edge indicates that the FIFO is 
no longer empty, and the read operation can begin only 
then (and so XO will go low txot from the rising edge of 
EF). Simply put, in Flow-Through mode, where the write 
and read tokens will be passed immediately after each 
other, the delay of tex: guarantees that the following 
FIFO receiving the pulses will recognize two distinct 
pulses instead of only one. 


tpxo and txo are the minimum XO pulse widths gener- 
ated by the FIFO corresponding to trex and txi, 
respectively. 
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Figure 1. Depth-Expansion to Form a 12,288 x 9 FIFO 
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es ist r ist 
Not 
Full 
Empty Empty Not 
Empty 
2nd 
Empty Not 
Full 
Not 
Empty 
3rd 3rd 
Empty Empty 
4th 4th 
Ww 
Empty Empty 
A. After Master Reset. B. 1st FIFO Filled. C. 1st FIFO Readto Empty. 0D. Write token wrapped around. 


Writing continued. 
15589-002A 


Figure 2. Intermediate FIFO States in Cascaded Configuration 
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Write to last 
location 


W 
Read from last 
location 
XO 
15589-003A 
Figure 3. XO Delay from Clock 
tX) tPxI 
x! 
txis 
= Write to 1st 
W location 


txIs 


Read from 1st 
location 


Be) 


15589-004A 


Figure 4. 1st Clock Pulse Delay from XI 
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Figure 5. Cascade Timing During Read Flow-Through 
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Operation Overview 


Small FIFOs are controlled by two signals, Shift In (SI) and 
Shift Out (SO). There are two status signals generated by the 
FIFO: Input Ready (IR) and Output Ready (OR). A typical small 
FIFO pinout is shown in Figure 1. 


18 | VCC 


17, SHIFT OUT 


16 OUTPUT READY 


Do} 4 15 | 00 
D1] 5 14] 01 
DATAIN + D2] 6| '43]02 ¢ OUTPUTS 
D3 12, 03 
D4] 3 | 41 | 04 


10] MASTER RESET 


Figure 1. Typical Small-FIFO Pinout 


Data is shifted into the FIFO as follows: 
1. Sl and IR both being HIGH initiates the shift in. 


2. The FIFO internally detects a valid shift in by ANDing the 
SI and IR signals. 


3. Data is latched by the FIFO when this valid shift is 
detected. 


4. The FIFO acknowledges the valid shift by bringing IR 
LOW. 


5. The SI line is brought LOW to complete the shift in 
operation, and to reset the valid shift detect. 


6. IRreturns HIGH if there is room for new data. 


Data is shifted out of the FIFO as follows: 
1. SO and OR both being HIGH initiates the shift out. 


2. The FIFO internally detects a valid shift out by ANDing the 
SO and OR signals. 


INTERFACES 
—+——_ UPSTREAM 


IR SO 

Si OR 

D---© 

FIFOA FIFO B FIFO X FIFO Y 
CASCADE 


3. The FIFO acknowledges the valid shift out by bringing OR 
LOW. 


4. The SO line is brought LOW to complete the shift out 
operation. 


5. If the FIFO is not empty, OR will return HIGH following SO 
going LOW. Whenever OR is HIGH, a valid data word is 
present at the outputs. 


The shift in operation is independent of the shift out operation, 
allowing data to be shifted in at a different rate than it is shifted 
out. The FIFO indicates that it is full by holding IR LOW after a 
shift in, and that it is empty by holding OR LOW after a shift out. 


Cascading 


lf a deeper buffer size is required, two or more FIFOs may be 
cascaded, as shown in Figure 2. 


The operation of this buffer is identical to that of the single 
FIFO buffer. The user controls the shifting of data into the most 
upstream part, and the shifting of data out of the most 
downstream part. This composite buffer has the same hand- | 
shake (SI, IR, SO, and OR) and data (D0..D4, O0..04) lines as 
a single FIFO. 


The user has control over the data as it enters and leaves the 
buffer. The passage of data through the “middle” of the buffer 
is beyond user control. This data must be capable of being 
correctly transferred between any of the “middle” devices at a 
rate greater than or equal to the overall buffer throughput rate. 


The point of data transfer between two FIFOs is called the 
cascade interface. There are numerous timing criteria which | 
must be satisfied by the FIFOs on each side of this interface in 
order to ensure a flawless transfer of data. This is true even for 
two-FIFO buffers, in which the“middle” of the buffer consists of 
a single cascade interface. Such criteria must be satisfied at 
all frequencies within the operating range, and for asynch- 
ronous data streams. The following cases illustrate the various 
timing conditions that may be encountered whenever two or 
more FIFOs are cascaded. 


eee IR SO So 
eee Si OR OR 


OUTPUTS 
(00-04) 


DOWNSTREAM ————> 


Figure 2. A Cascaded Buffer 


6-184 


Publication # Rev. Amendment Issue Date 


11116 & /0 «7/88 


Cascadability Issues in Low Density FIFOs 


Case 1: Low-Frequency Falithrough 
Monolithic Memories’ shallow FIFOs are fal/through devices, 
that is, the first word shifted into an empty part automatically 
“falls through” the buffer and it becomes visible at the outputs. 
Its presence is indicated by the rising edge of OR. The following 
sequence describes this fallthrough action as a word is shifted 
into FIFO A (see Figure 2): 


1. IR of FIFO Ais HIGH because the device is empty. 


2. The user brings SI HIGH, latching the data word and 
commencing a shift in. 


3. Slis then brought LOW to release the word for fallthrough. 


4. OR of FIFO A will go HIGH within the “fallthrough time” 
(tPT). OR going HIGH signals a valid word at the outputs. 


5. IRof FIFO Bis HIGH because it, too, is empty. 


‘6. Because OR of A is tied to SI of B, a valid shift in is begun 
into FIFO B on the rising edge of OR. 


7. Because IR of B is tied to SO of A, a valid shift out is begun 
(SO*OR = 1) out of A. 

8. Data is simultaneously shifted out of A, and into device B. 
The transfer is thus begun. 

9. Because a valid shift out is detected in A, OR goes LOW 
to acknowledge it. This becomes a falling edge on SI for B. 


10. The transfer is now complete. The word falls through B, 
then through FIFO C, and so on, until it reaches the 
outputs of the bottom FIFO. 


The timing diagram for low-frequency fallthrough is shown in 
Figure 3. 


ae) NRL sh ‘PL ay 


UIDs (REQ) | 
| 
OR(S!) | = topH on 
| 
=<—'orp—| 
DATA VALID 


Figure 3. Low-Frequency Fallthrough 


The term “low frequency” means that the time between arrival 
of words is long relative to the time required for a data transfer. 
There is a basic set of timing requirements that must: be 
satisfied in all fallthrough cases, plus an additional one for 
high-frequency operation. The basic set will now be discussed. 


Consider a cascade interface between FIFOs X and Y of Figure 
2. The OR of X goes HIGH, then is quickly reset once a valid 
shift out is detected. The duration of this OR pulse, termed 
tOPH, must be long enough to be used by the SI of the 
downstream FIFO (Y). Specifically, 


tOPH > tSIH(required) [1]. 
This requirement is shown as a function of temperature in 
Figure 4. 


TEMPERATURE -— ‘C TIME — nsec 


Figure 4. topH VS. tsjH at a Particular Vcc 


The tOPH requirement is derived from histograms generated 
during the characterization of abroad sample of cascadable parts. 
The parts are tested individually at a variety of voltage and 
temperature conditions. AMD specifies its cascadable FIFOs with 
a reliable margin between the tOPH and tSIH histograms under 
each condition. 


A short logic 1 pulse on SI will produce a short logic 0 pulse 
(tIPL) on IR. tlPL must be long enough to be recognized as a 
legitimate SO low pulse by the upstream part X. Thus, 


tiPL > tSOL(req) [2]. 


There is a direct relationship between tSIH and tIPL. The require- 
ments ontIPL from [2] are used to dictate the requirement ontSIH. 
The parameter tIPL is used only for characterization and internal 
testing and does not appear in AMD sheets. 


Next, there is the need for SO and OR to be simultaneously at 
a logic 1 long enough for the FIFO to detect a valid shift out. 
This time requirement, which is not found in the datasheets is 
termed tSOHR (req), “time for SO to remain high after OR goes 
high.” If IR, which drives SO, goes LOW too soon after a valid 
shift in is detected in Y, the tSOHR requirement in X may be 
violated. If so, no shift out will take place. Therefore, 


tiRL > tSOHR(req) [S]- 


The parameter tSOHR is characterized and tested. It is 
normally small relative to tSOH. 


The last requirement for Case 1 pertains to data set-up. When 
in the fallthrough mode, input data is taken as valid on the 
rising edge of SI. The set-up time for this data (tIDS) must be 
met. Note, however, that meeting this set-up time is the 
responsibility of the upstream part (X). When X brings its OR 
pin HIGH, it indicates that new data is present. The time from 
OR HIGH to new data valid is termed tORD. Because this rising 
edge commences a shift in for the downstream part, the 
following relationship must hold: 


-tORD > tiDS(req) [41- 


In all AMD cascadable FIFOs, tIDS max is specified at zero, while 
tORD max in never specified greater than zero. By this conven- 
tion, [4] is always satisfied. The validity of inequality [4], and others 
documented in this application note, are ensured via the method 
of separation of parametric distributions, as illustrated in Figure 4. 
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Case 2: Low-Frequency Bubbleback 


The term “bubbleback” is a hangover from the register-based 
FIFOs. Bubbleback occurs when one or more devices in the 
composite buffer are full, and a word is clocked out of the most 
downstream one. A vacancy is created in this bottom FIFO, 
and is soon filled by the first FIFO upstream from it. The 
vacancy then “bubbles back” all the way to the most upstream 
FIFO. In the process, a data transfer is required each time the 
vacancy crosses a cascade interface, as was the case for 
fallthrough. 


The following sequence describes this bubbleback action: 
1. The user shifts data out of the most downstream FIFO. 
2. Since this FIFO is no longer full, its IR pin goes HIGH. 


3. The first FIFO upstream from it held its OR HIGH, because 
it was not empty. 

4. The IR of the end FIFO is tied to SO of the FIFO above it. 
The rising edge on IR commences a shift out of the 
upstream FIFO. 


5. Simultaneous shift cycles occur in both FIFOs. IR of the 
end FIFO goes LOW to acknowledge the valid shift in. 


6. IR going LOW in the end FIFO resets the valid shift out of 
the upstream device. Since this upstream part is not 
empty, its OR pin returns HIGH. 


7. Because this upstream part now contains a vacancy, it 
commences a shift out of the next higher part. This 
process continues until the vacancy reaches the most 
upstream device. 


The timing diagram for the cascade interface is shown below. 


SOR) tort eS ‘on — 


<— 'RipDH (REQUIRED) -——> 


IR(SO) 


Figure 5. Low-Frequency Bubbleback 


In bubbleback it is IR going HIGH which initiates the transfer of 
data. IR goes HIGH, then is quickly reset once a valid shift in is 
detected. This is analogous to the fallthrough case in which OR 
is pulsed HIGH. The first three bubbleback inequalities, then, 
are merely I/O duals of [1] through [3]: 


tiPH > tSOH(req) [5]. 

tOPL > tSIL(req) [6]. 

tORL > tSIHR(req) [7]. 
There is no data set-up requirement for low-frequency 
bubbleback since the next data word is present and waiting 
long before a vacancy arrives for it. This data must, however, 


satisfy a hold time requirement, as measured from the start of 
the valid shift in. 
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As seen in Figure 5, SO is brought LOW in the middle of the 
data transfer. Bringing SO LOW clears the upstream FIFO, 
causing its read pointer to advance. A new data word then 
begins its way toward the outputs. The current word being 
transferred eventually becomes “old” data, to be replaced by 
the next word. The time that the “old” data is held after SO goes 
LOW is called tODH. 


The bubbleback hold time requirement (see Figure 5) can be 
expressed as: 


tIPH + tODH > tRIDH(req) [8a]. 
The parameter tRIDH is the data hold time, relative to IR going 
HIGH. It is measured relative to IR because, in the bubbleback 
case, IR initiates the shifting-in of data. 


Testing of [8a] is required to ensure cascadability in all 
outgoing parts. However, inequality [8a] mixes parameters 
from both the upstream (tODH) and the downstream (tIPH, 
tRIDH) parts. It is therefore necessary to rewrite [8a] so that it 
can be examined on individual parts: 


[tiPH - tRIDH(req)! > -tODH [8b]. | 
The quantity on the left hand side of the equation becomes a 
new characterization parameter, called t1. If there is a 
sufficient margin between the test histograms of ti and tODH 
(as was the case for tOPH versus tSIH), then criterion [8a] will 
certainly be satisfied. 


Case 3: Higher-Frequency Falithrough 


In Case 3, the frequency of operation becomes high enough 
such that the data transfer time is no longer negligible when 
compared to the time between arrivals of any two words. Still, 
the frequency is low enough such that the operation is.clearly 
fallthrough, i.e., OR going HIGH initiates the transfer of data 
into a downstream part that is clearly waiting for new data. 


The timing diagram for this case is shown in Figure 6. 


SO(IR) 


AS FREQUENCY 
GETS HIGHER 


\—— in (REQ) —+/ 


| 
NEXT 
DATA VALID Cag WORD 


Figure 6. Higher-Frequency Fallthrough 


Inequalities [1] through [4] from Case 1 still hold. One more 
must be added to account for the second rising edge of OR, 
which now occurs soon after the data transfer. 


The falling edge on IR, which occurs after a valid shift in is 
detected, is seen by the upstream part as a falling edge on SO. 
This implies a read pointer advance, which could bring new 
data to the outputs. In the low-frequency case there was no 
new data to bring, so the current word remained valid for quite 
some time. At higher frequency, there is a new word to bring to 
the outputs, which reduces the time that the current data is 
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valid. There is the risk of a data hold time violation unless the 
following relationship is met: 


tIRL + tODH > tIDH(req) [9]. 
The parameter tjpH is the data hold time relative to SI going 
HIGH. 


As the frequency of operation gets continually higher, the 
second rising edge of OR falls closer to that of IR. The limiting 
cycle time for true fallthrough, as depicted here, is tiIRL + 
tORH, although this cycle time may not be obtainable due to 
limitations described in the section on natural frequency. 


Case 4: Higher-Frequency 
Bubbleback 


In Case 4 the time between creations of vacancies approaches 
‘the time required for data transfer. However, the frequency is 
assumed low enough such that the operation is clearly 
bubbleback, i.e., the rising edge of IR initiates a shift out of an 
upstream part which is clearly waiting with valid data. 


The timing diagram for this case is seen below. 


SOR) tori +> pireece ae Nei ones oe on >| AS FREQUENCY 
| | GETS HIGHER 
‘piineceaanaa cea a kia CPs yee | 
tRIDS(REQ)| 


IR(SO) 


Figure 7. Higher-Frequency Bubbleback 


Inequalities [5] through [8] from Case 2 are still pertinent. One 
more must be added to account for the rising edge of IR, which 
reappears soon after the data transfer. 


As vacancies bubble back at ever increasing rates, there is the 
risk of violating the data set-up requirement as measured from 
the edge of IR. Specifically, the following relationship must hold: 
tCYCLE - tIPH - tODH > tRIDS(req) [10]. 
The parameter tRIDS is the set-up time relative to IR going HIGH, 
Inequality [10] tells us that if tCYCLE gets too short, there may be 
a data set-up violation. As seen in Figure 7, so long as we remain 
in bubbleback mode, with IR coming high after SI, we will have 
tIPH + tODH + |tORD| <tCYCLE, implying tCYCLE-tIPH-tODH > 
|tORD|. However, AMD designs its cascadable devices such that 
tRIDS(req) < 0, and tORD < 0, thereby ensuring that there is no 
set-up violation. 


As the frequency of operation gets continually higher, the 
second rising edge of IR falls closer to that of OR. The limiting 
cycle time for true bubbleback, as defined here, is tORL + tiRH, 
although this cycle time may not be obtainable, as discussed in 
the next section. 


Case 5: Natural Frequency 


As mentioned previously, the user has no control over the 
handshake operations at the cascade interfaces. If the user 
shifts words into a relatively empty buffer at low frequency, the 
cascade interfaces will operate in the fallthrough mode (Case 
1). If the user shifts words out of a relatively full buffer at low 
frequency, then the interfaces will be forced to operate in 
bubbleback mode (Case 2). For continuous operation at 
moderately high rates, the interface timing will begin to 
resemble one of the next two (3 and 4) cases. 


As the frequency is increased further, the interface timing may 
no longer be clearly bubbleback or clearly fallthrough. This is 
what occurs as the throughput rate approaches the natural 
frequency of the cascade interface. This natural frequency is 
the maximum frequency at which the handshake signals can 
negotiate part-to-part data transfers. Consider Figure 8. 


| / \ | Pe a 
Si(OR) 
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| | 

| | 
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Figure 8. Zero-Phase Incidence 


Figure 8 illustrates a perfectly legitimate handshake operation. 
There is clearly a shift in (SI*IR=1) and a shift out (SO*OR=1), 
implying a transfer of data. However, none of the previous 
cases directly apply since it is neither a fallthrough nor a 
bubbleback case. 


In the fallthrough mode SO was clearly high before OR, while IR 
went high clearly before Si. Thus, SO had positive phase 
relative to OR, while SI had negative phase. Likewise, the 
bubbleback mode has negative phase for SO and positive 
phase for Sl. The relative phases of the SI and SO signals 
have important implications for the cascading parameters at 
high frequencies. As explained later, the natural frequency of 
cascading must be guaranteed higher than the maximum 
throughput rate applied to the cascaded FIFO system. 
Predicting and measuring the natural frequency poses some 
difficulties, as explained below. 


The fallthrough parameters tlIRL, tOPH, tiDS, etc., are all 
characterized at positive SO, negative SI phase, whereas the 
bubbleback parameters tORL, tlIPH, tRIDH, etc., are all 
characterized at positive SI, negative SO phase. When the 
relative phases approach zero from either side (Figure 8), the 
meaning of these parameters becomes ambiguous. Take for 
example the parameter “time from valid shift in (SI*IR=1) to IR 
going low.” For positive phases this quantity approaches the 
tiPH asymptote, while for negative phases it approaches the 
tIRL asymptote. When the phase is near zero, this quantity lies 
somewhere in between, as shown in Figure 9. 


As indicated on the graph, a new name is required for this 
pseudo-parameter. It will be known here as tVSIRL, or “time 
from valid shift in to IR low.” Similar graphs can be generated for 
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the pseudo-parameter called tVSORL, as well as for t(R)IDS 
and t(R)IDH. This sort of graphical information is useful when 
analyzing operating characteristics at or near the natural 
frequency. At this point there are two approaches one can take 
to predicting the natural frequency: 


1) Take an iterative approach to determine the minimum 
working values of phase (o), tVSIRL(o), tVSORL(9), t 
(R)IDS(), etc., using two figures, 10 and 11. 


‘VSIRL/nsec 


+ 
d[Sl, IR] / nsec 


Figure 9. tycjp, as a Function of Phase 


—_—_——Q3r 
tVSIRL(¢) 


SO(IR) 


OR(SI) 


CYCLE TIME 
= tysIRL(¢) * ‘ORH 


Figure 10. Positive SO/OR Phase at Natural Frequency 


SI(OR) 


IR(SO) 


CYCLE TIME 
=tVSORL(o) * RH 


Figure 11. Positive SIR Phase at Natural Frequency 


One needs to determine which of the two cases (Figures 10, 
11) has a lower maximum frequency. In equation form: 


TAax = MAX{tysin, (O)+tony» tysonr(P)+tiaut [11] 


2) Approach (1) provides the exact value of the natural 
frequency, but only after a considerable amount of 
iteration. There exists a simpler approach to the problem, 
based upon the results of Cases 3 and 4. This approach 
yields a conservative estimate of the natural frequency, 
such that if the composite buffer is operated at or below 
this frequency, cascadability can be guaranteed. 


Figure 6 depicts fallthrough operation based on the assumption 
that tIRL + tORH is clearly greater than tOPH + tiRH. If this is 
not the case, then the second rising edge of OR could possibly 
occur before the second rising edge of IR. Then, the parameter 
tOPH is no longer valid, and should be replaced by the more 
applicable tORL. However, tORL pertains to cases where SO 
arrives substantially after OR. If the rising edges of IR and OR 
are close to one another, then the applicable value may lie 
somewhere inbetween tORL and tOPH. To be safe, merely take 
the greater of these two values. 


The same reasoning applies for the breakdown of the 
fundamental assumption of Case 4. The following is a simple 
worst-case expression for fMAX at each operating condition: 


1/fMAX(wc) = Teena 
12a], 


where: 


tVSIRL(max)=Max{tiRL,tiPH} [12b], 
tVSORL(max)=Max{tORL.toPH} [12c]. 


Note that using the results of Cases 3 and 4 produced equation 
[12] which bears great resemblance to the more accurate 
expression in [11]. One strategy for dealing with cascadability 
is to design a FIFO with “flat” tVSIRL, tVSORL, t(R)IDS, etc., 
characteristics. This eliminates the: dependence on signal 
phase, and fMAX can be expressed exactly as: 


1/fMAX = Max{tiRL+tORH.tORL+tiRH} [13]. 


Such a strategy provides a more reliable cascade interface, 
and is. well worth the price of a lower fMAX. 


It should be noted that the natural frequency at each operating 
condition (VCC, temperature) is unique, and is the limiting 
frequency regardless of how it is approached, whether by 
fallthrough or by bubbleback. Consider the following figure. 


DATA IN 
5 15 
MHz MHz 
ara E) 
5 15 
MHz MHz 10MHz 
NATURAL 
FREQUENCY 
Two 64x5 FIFOs. 
B Is Half Full 


Before Switching DATA OUT 


Figure 12. Approach of fax from Fallthrough 


Let us say that the natural frequency of the cascade interface 
between A and B is 10 MHz. Data is shifted at low frequency 
into A, and falls through to B, until B is one-half full. The 
two-device buffer is then operated for a while with the input, 
output, and interface working at 5 MHz. 


Then, the input and output frequencies are raised to, say, 15 
MHz. Immediately thereafter, the composite buffer will con- 
tinue to function, since the input and output circuitry of a FIFO 
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can usually operate at frequencies above the natural fre- 
quency. The cascade interface, however, will be limited to a 
rate of 10 MHz. Eventually, the bottom part will empty, and the 
top part will fill. A cascade limited bottleneck occurs, limiting 
the overall throughput rate to 10 MHz. Data words from the 15 
MHz input stream will be intermittently read at a 10 MHz rate, 
_ causing a loss of data. 


At some point in time between the frequency increase and the 
bottlenecking, there will be five or so words in the top part, and 
twenty-seven or so (half of 64, minus 5) words in the bottom 
part. The FIFOs will no longer be in fallthrough mode, since 
there is more than one word in the upstream part, and more 
than one vacancy in the downstream part. The natural 
frequency mode will have been entered, and the interface will 
carry data as fast as possible. 


A similar example can be drawn for these FIFOs, with the 
composite buffer initially three-fourths filled. Eventually, the 
top part will fill and the bottom part will empty. At some point in 
between, the FIFOs will no longer be in bubbleback mode, but 
_ in the natural frequency mode, because there will exist more 
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than one vacancy in the downstream part and more than one 
word in the upstream part. The overall steady state throughput 
rate will again be limited to 10 MHz. 


In each of the above cases, the composite buffer went from 
either fallthrough or bubbleback mode to the natural frequency 
mode (where both parts were neither full nor empty), then on to 
an interface limited natural frequency mode, subject to 
throughput-related errors. 


Regardless from which direction the natural frequency was 
approached, this frequency must be unique since it represents 
the case where the upstream part contains more than one word 
and where the downstream part contains more than one 
vacancy. When this happens the interface has no dependence 
on what is happening at the system input and output ports and 
shifts data across it at the maximum possible rate. 


The maximum operating frequency of a cascaded FIFO must 
therefore be specified lower than the worst-case natural 
frequency in order to avoid asynchronously induced 
bottleneck errors. 
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FIFO RAM controller 


tackles deep data buffering 


Buffering large amounts of data has long been a source of design 
headaches. Extra large FIFO buffers minimize system bottlenecks 
with an implementation as easy as it is cost-effective. 


ee are turning to innovative architectures to 
extend the performance of computer systems. 
Pipelining is one of these innovations. In pipeline 
architectures, data is buffered temporarily between 
a system’s processing elements. This allows these 
processing elements to work more efficiently. Since 
data transfers can occur asynchronously, designers 
can minimize bottlenecks in data paths and boost 
overall performance. 

Data buffering, however, is sometimes difficult 
and costly to implement. In multiprocessing and 
data communications applications, for example, 
designers encounter the problem of how to buffer 
large blocks of sequential data temporarily with 
minimum cost and trouble. Often, a few thousand 
to tens of thousands of words must be buffered. 

In multiprocessing applications, large blocks of 
data and instructions are passed between the 
various processors. Storing information between 
the processors for a short time lets a sender pass 
data on without waiting for a receiver to finish its 
current task, so the sender can more quickly move 
on to its next task. 

For data communications applications, large 
blocks of data must be transferred from one node 
to another along a data channel. Temporary buf- 
fering on and off the data channel permits each 
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device in the network to work more efficiently. 
Data can be transferred to the buffer when ready, 
and the device is free to move on to the next task 
without waiting for the data channel to be free. 
Buffering large amounts of data, often called 
deep data buffering, can be accomplished through 
several methods. One technique, direct memory ac- 
cess (DMA), sets aside blocks of main memory as 
temporary data buffers. When a request for data 
transfer is received, the DMA controller interrupts 
the processor and takes control of the memory bus. 
The controller then moves the data into memory 
that has been allocated for temporary buffering. 
Looking at the advantages of this buffering 
method, DMA controller chips are relatively inex- 
pensive. Since they require little extra logic, the 
controllers are simple to implement. The DMA. ap- 
proach, however, has several drawbacks. First, the 
processor is interrupted every time a data block 
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operation. This greatly limits the ability of a DMA 
RESET STATUS CONTROL buffer to act as a pipelining element. 

The DMA approach is best suited for systems in 
which low cost is a top priority, and performance 
degradation, caused by interruptions to processors 
during the transfer of data, is tolerable. In effect, 


FIFO RAM designers opting for DMA trade overall system per- 
peas saith formance, considerations about the rate and for- 
ADDRESS CLOCK mat of data and immediate access to information 


for inexpensive implementation and simple design. 


RAM approach eases bottlenecks 

Another approach to deep data buffering in- 
volves dual-port RAM devices. A dual-port RAM is 
placed along the data transfer path and acts as tem- 
porary storage for incoming or outgoing data. 
These devices overcome many of the limitations of 
DMA. Thanks to two independent ports, data 
transfers can be completely asynchronous and 
A FIFO RAM < controller provides addressing, control simultaneous. Since one port can be isolated from 
and arbitration. In the 674219 buffer, only hand- the data bus, processors don’t have to hand over 
shaking, status flags and buffer control lines are control of the memory bus during data transfer. 
visible to the rest of the system. Using dual-port RAMs for data buffering does 
have its disadvantages; to work as a data buffer, it 
requires a lot of external and control logic. 
transfer request is made. To transfer data, the pro- Counters, comparators and control logic must be 
cessor must hand over control of the memory bus. added to make the dual-port RAM read and write 
When many data block transfers occur, system per- data sequentially and prevent buffer overflows and 
formance is severely degraded. Large blocks of underflows from occurring. This external logic can 


data degrade performance even more. add up to large amounts of valuable board real es- 
DMA also limits rates and formats of data. Using tate and limits the data rate of the buffer. 
this technique, the maximum data rate is limited to Another disadvantage is cost. Dual-port RAMs 


the system bus data rate. Bursts of rapid datacan’t are 10 times the price of comparable conventional 
be directly accommodated. Besides, DMA opera-_ static RAMs; a I-k x 8-bit device costs $25 to $30. 
tion is synchronous with system operation, which Implementing a 4-k x 16-bit buffer will cost ap- 
means that all data transfers—both input and out- proximately $200 for the RAM device alone. 

put—must be synchronous with the system clock. A third method of buffering data uses first-in, 
Asynchronous data can’t be directly accom- first-out buffers between elements as temporary 
modated. Another drawback of DMA is that it storage sites. These FIFO devices store and output 
doesn’t allow for simultaneous input and output’ the data sequentially. Like dual-port RAMs, they 


VIDEO In a video teleconferencing 
IMAGE CAMERA DIGITIZER FIFO system, a video image with a 
(1.024 x 1.024 PIXELS) aS resolution of 1,024 x 1,024 pixels 
will generate 1 Mbyte of data 
per image. After a compression 


TELEPHONE each of 32:1, there are 32 kbytes of 


LAN compressed data for each image. 


ISDN 1.9 KBITS/S 


10 1.2 MBITS/S For optimal system perfor- 


mance, the data is passed to a 
FIFO buffer to wait for trans- 
VIDEO FEO mission along the data channel. 
DISPLAY DECOMPRESSION 42 KBYIES The system is then free to begin 
processing the next image. 
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have two independent asynchronous ports. But one 
port is dedicated to input, the other to output. 

FIFO buffers offer an extremely efficient ap- 
proach for data buffering. Virtually no external 
control is required since control and arbitration is 
performed with on-chip logic. Addressing is 
eliminated because data is sequential. The 
streamlined buffering afforded by FIFOs max- 
imizes the data rate, which makes this approach a 
natural for high-performance systems. 

For maximum data rate and design ease, FIFO 
buffers offer advantages over DMA and dual-port 
RAM methods. But the devices are geared for data 
buffering of shallow-to-medium depth. Large data 
blocks are buffered only by using an array of 
FIFOs, which requires large amounts of board 
space, making FIFO buffers too expensive and in- 
efficient for applications with large data amounts. 


FIFO RAM controllers tackle deep data 


When deep buffering is required, very large FIFO 
RAM buffers reduce the costs and space problems of 
conventional FIFO techniques. Devices such as the 
674219 FIFO RAM controller can accommodate large 
amounts of data in high-performance systems. These 
devices provide the addressing, control, and arbitration 
logic that enables an array of RAMs to function as a 
FIFO buffer. 

One advantage of this kind of device is the large 
amount of data it can handle. Using inexpensive 
single-port static RAMs (or dynamic RAMs with 
additional external logic), designers can implement 
a fast, fully asynchronous buffer that can tem- 
porarily store from 512 to 65,536 words. In the case 
of the 674219 FIFO RAM controller, a perfor- 
mance of 12 MHz can be attained. During simul- 
taneous input and output operation, a data rate of 
6 MHz is possible. 

With two registers for data latching, a few logic 
gates and a RAM array, these devices can replace 
any system function block calling for large data 
buffers. All of the control, arbitration and status 
logic is placed on a single device, greatly simplifying 
large FIFO buffer designs. Information about the 
buffer is provided by four status flags: full, empty, 
half-full and almost-full/almost-empty. The full 
and empty flags buffer overflow and underflow. 
When the buffer is full, attempts to write data into 
the buffer won’t be acknowledged. Data already in 
the buffer, however, won’t be lost. Similarly, the 
empty flag prevents false data from being read out. 

Status flags also help increase the efficiency of 
buffers and optimize system performance. 
Together, the half-full and almost flags can in- 
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Two internal counters generate addresses for the 
RAM array to function in a first-in, first-out 
manner. A third counter in the FIFO RAM controller 
generates status information with four flags: full, 
empty, half-full and almost-full (16 word locations to 
full)/almost-empty (only 16 words remaining). This 
counter is programmed by buffer-size select inputs to 
provide the proper status information for the buffer. 


dicate when the buffer is almost empty and trigger 
a signal to the source for more data. This ensures a 
steady stream of data to the receiver. In systems 
where a receiver, such as a peripheral, is operating 
at a much slower rate than the source, such as a pro- 
cessor, the processor can send data in high-speed 
bursts to the buffer and then attend to other tasks 
while a peripheral accepts the data in a steady, 
uninterrupted stream. 


Dual-pointer FIFO architecture 

FIFO RAM controllers implement a RAM-based 
FIFO architecture, which uses two pointers. The 
write pointer contains the address of the next 
available location in the RAM array to be written 
and the read pointer has the address of the next 
location for data to be read. When either pointer is 
used to access the memory array, it’s incremented 
automatically to point to the next available loca- 
tion. When the pointer reaches the last location, it’s 
reset to zero and the procedure continues. 

A third counter provides status information, 
generates flag logic and prevents overflow 
and underflow. The -size select inputs pro- 
gram this counter to give the proper status informa- 
tion to the buffer. 


In the cycle of a typical system, the buffer is reset 
with the Master Reset (MR) pin. This sets the read 
and write pointers to zero and activates the empty 
flag. A write cycle is initiated by a Write Request 
(WREQ). The Write Ready (WRDY) line goes low, 
acknowledging the request. A Write Register Clock 
(WREGCK) pulse from the FIFO RAM controller 
latches the data into the write register. Data is then 
written to the RAM array at the address location 
provided by the write pointer. When the buffer has 
valid data, the empty flag will go low, indicating 
that a read can take place. The read cycle follows 
the same sequence as the write cycle. 

Since a FIFO RAM controller uses low-cost, 
single-port RAMs, arbitration is needed to resolve 
simultaneous read and write requests. On-chip ar- 
bitration logic determines which request is serviced 
first. The second request is acknowledged, but will 
not be serviced until the first request is completed. 

Conventional FIFO buffers are based on shift 
registers. Data is shifted from register to register to 
the top of the stack, and then to the output port. 
The time it takes for a word to move from the input 
port to the output port is called ‘‘fall-through,”’ 


FIFO RAM Controller Tackles Deep Data Buffering 


and it is dependent on the depth of the FIFO buffer. 

By contrast, FIFO RAM controllers implement a 
RAM-based buffer. In this scheme, pointers are in- 
cremented as each read or write occurs. Since data 
doesn’t physically move, fall-through time is 
eliminated. What’s more, external control of the 
RAM array buffer is possible by disabling both the 
Write Enable (WEN) and the Read Enable (REN) 
to impose three states on the address lines from the 
FIFO RAM controller to the RAMs. 

By reducing the cost and space requirements of 
FIFO buffering, FIFO RAM controllers offer 
systems designers an efficient and cost-effective 
method to buffer large amounts of data. Using 
these devices, designers can minimize system 
bottlenecks in data paths and processing elements 
and can boost overall system performance. CD 
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Physical Dimensions* 


CD 020 
CD 028 
CD 032 
CD 040 
CD4028 
CDV028 
CDV032 
CDV040 
CLRO32 
CLV032 
CLV044 
PD 020 
PD 028 
PD 032 
PD 040 
PD3028 
PDW028 
PL 020 
PL 032 
PL 044 


20-Pin Ceramic DIP 

28-Pin Ceramic DIP 

32-Pin Ceramic DIP 

40-Pin Ceramic DIP 

28-Pin 400-mil, Ceramic DIP 

28-Pin View Ceramic DIP 

32-Pin View Ceramic DIP 

40-Pin View Ceramic DIP 

32-Pin Rectangular Ceramic Leadiess Chip Carrier 
32-Pin View Rectangular Ceramic Leadiess Chip Carrier 
44-Pin View Square Ceramic Leadless Chip Carrier 
20-Pin Plastic DIP 

28-Pin Plastic DIP 

32-Pin Plastic DIP 

40-Pin Plastic DIP 

28-Pin 300-mil, Plastic DIP 

28-Pin Wide 300-mil, Plastic DIP 

20-Pin Square Plastic Leaded Chip Carrier 

32-Pin Rectangular Plastic Leaded Chip Carrier 
44-Pin Square Plastic Leaded Chip Carrier 


* For reference only. All measurements are in inches unless otherwise specified. BSC is an ANSI 
standard for Basic Space Centering. 
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Package Drawings 


CD 020 
20-Pin Ceramic DIP 
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28-Pin Ceramic DIP 


, " | 022 MAX 06837C 


Package Drawings 7-3 


CD 032 
32-Pin Ceramic DIP 
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CD 040 
40-Pin Ceramic DIP 
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CD4028 
28-Pin, 400-mil, Ceramic DIP 
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CDV028 
28-Pin View Ceramic DIP 
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CDV032 
32-Pin View Ceramic DIP 
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CDV040 
40-Pin View Ceramic DIP 
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CLRO32 
32-Pin Rectangular Ceramic Leadless Chip Carrier 
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32-Pin View Rectangular Ceramic Leadless Chip Carrier 
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CLV044 
44-Pin View Square Ceramic Leadless Chip Carrier 
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Package Drawings 


PD 020 
20-Pin Plastic DIP 
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PD 028 
28-Pin Plastic DIP 
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PD 032 
32-Pin Plastic DIP 
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PD3028 
28-Pin, 300-mil, Plastic DIP 
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PDW028 
28-Pin, Wide 300-mil, Plastic DIP 
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PL 020 
20-Pin Square Plastic Leaded Chip Carrier 
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PL 044 
44-Pin Square Plastic Leaded Chip Carrier 
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Strongsville - DOLFUSS ROOT & CO .......... (216) 899-9370 

OREGON 
ELECTRA TECHNICAL SALES, INC............. (503) 643-5074 
PENNSYLVANIA 

RUSSELL F. CLARK CO., INC. ..0.........c cee (412) 242-9500 
PUERTO RICO 

COMP REP ASSOC, ING oink. cccictccseesssensgs (809) 746-6550 
WASHINGTON 

ELECTRA TECHNICAL SALES. ............ (206) 821-7442 
WISCONSIN 

HEARTLAND TECH MKTG, INC ......00.........0.. (414) 792-0920 


Advanced Micro Devices reserves the right to make changes in its product without notice in order to improve design or performance characteristics. The performance 
characteristics listed in this document are guaranteed by specific tests, guard banding, design and other practices common to the industry. For specific testing details, 
contact your local AMD sales representative. The company assumes no responsibility for the use of any circuits described herein. 
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